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The first English edition of Lunge’s Sulphuric Acid and 
/}//iV(//appeared in 1879. Since that date the book has been 
revised and extended in subsequent editions until, with the 
companion volumes on 6'W Tar and Aniutouia, it extended 
to nine volumes, covering most of the heavy chemical industr}€? 
of Britain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new edition.s. 'l'he»mere 
compilation of the volumes which he wrote wcyild be in itself 
a wonderful achievement, but Dr Lunge’s place in the history 
of clipcmical industry is due still more to the fa^t that he 
played a leading part*in the discoveries and improvements 
which built up the industries of which he wrote. 

, • By a curious coincidence, the end of Dr Lunge’s long* 
literary labour# came just as the processes which he*originally 
described died out. The Hargreaves process has gone, in this 
country at least; the »I.^eblanc process is dying, if not actually 
dead already; even »the chamber process for ^Iphuric acid 
has now a competitor that threatens to become a rival, 

Tilfe volumes written by Dr Lunge have escaped a common 
criticism of factory managers that books only an ^utline 
of a manufacturing process; indeed tjic onll criticism has been 
that Dr Lunge’s books gave almost too much detail. • It may, 
however, be realisSd how important is a dAail rearing to a 
matter involving » possible saving of only one-tenth of one per 
cent, when it,^'pointecl out that this'small eednomy in |he 



Vi. E]5 ITOr4 prEfa{:e ‘ 

^ I • 

manufacture o/sulphuric ^id would mean 4 saving of thousands 
of pounds, sinc^the value c»i the*.sulphuric acM manufactured^ 
annually fn Great Britrjh alone amouittff to several million 
pounds. * / * 

Each* new edition of this series has been an expansion 
and exterfsion of that which preceded ft, Yullcr treatment 
Ipeing accorded to subsidiar)v mlnufacturcs as they increased 
in commercial importance, until the name Sulphuric Acid 
and Alkali became a cover for what was practically an 
encyclopedia of the heavy chemical industries. 

The Jast arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
tifis appeared to be a favourable opportunity for in.stituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last fewj years have brought with them so many changes in the 
chemteal industries that the revision required in most of the 
volumes will involve such drastic recasting that the new edition 
will be more a new book than a revised edition. 

It is dtiubtful if any one man could take up Dr Lflnge’s 
task of describing adecpiately all the industries now dealt 
with in these volumes, and it is certain that few would care 
to attemj^t it. Each volume will therefore be op a spe^al^ 
subject and dealt with by a separate author ^ho is respon¬ 
sible, for that volume, and is given a wide discretion in his 
treatment of the subject. . • 

The editor trusts that these united (ffforts will produce a 
Raw edition worthy of the great tra( 5 ition which Dr Lunee has 
eft^blish^. y 

Tke editor wil\ be plea.sed to consider for publication in 
this series ajiy^maliuscripts or original work on this or allied 
subjects.* A. C. C. 




AUTI^OR’6 HeFACE 

Advantage has been taken of the opportunity afforded by 
the publication of a new and enlarged edition of Dr Lunge’s 
treatise to revise completely the section dealing «vith the 
concentration of sulphuric acid, and to issue it in the form of 
a separate volume, , ■ 

For the sake of completeness, and in order to trace the 
hi-storical development of the subject, a .short dc.scription of 
some of the earlier plants is included, but the great proportion 
of the text is composed of entirely new matter. Not only is 
a dc.scription given of all the newer and more economical 
types of plant which have been evolved by practical experience 
during the past decade, but the theoretical princifilcs under¬ 
lying the various processes are treated in greater detail than 
^foj-rtierly. 

The co^cei^tration of sulphuric acid was one of tile earliest 
problems which the Chemical Engineer was called upon to 
solve during the great war of 19^14-1918, and the necessity for 
dealing with the huge quantities of weak acid produted in 
the manufacture of explosives directed attention towards 
development of units of large capacity,iespeciallj' in ^the ^ 
Government factories. No fundamentallyJiew^ tyP*^® plant 
were evolved, but progress followed along well-flefined lines, j 
Much valuable CKperience and data have been* obtained, 
however, from th^se plants, which arc deserffeed in the text. 

In conclusi*?!* the Author acknowledges, with' pleasure, the 
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co-operation and help he has received from many sources in the 
preparation of tfre volume. *A lafgt amount of the statistical 
information is derived froA the Chief Alkjti inspector’s Reports, 
and from the Reports of the Factories Branch of the Depart¬ 
ment of Explosives Supply ‘oF the MiniStr)* of Munition.s. 
Special thanks arc due to— ivf \^. Macnab for permi.ssion to 
ai)stract from ^ the Technical Records df Explosives Supply, 
Ministry of Munition.s; Professor A. W. Porter for the tables 
and information on the Thermal properties of sulphuric acid; 
Mr W. Q| MacKellar, United Alkali Co., Gla.sgow, and Mr C. S. 
Imison, United Alkali Co., Widnes, for valuable help in the 
description of the modern Kc.s.sler plant. 

JOHN WILFRID PARKES. 

Dublin, 1923. 
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THE CQNCENTRATION pF 
SULPHLIR'IC ACID 

CHAPTER I 

INTRODUCTION 

SULI’IIUKIC acid, as obtained directly in the chambers {i.e., 
from io6"Tw. to 130“ Tw.), is concentrated sufficiently for 
many technical purposes; and where the acid is used for 
such purposes at the same w'orks, its further concentration 
is, of course, unnecessary. This is the case, for instance, in 
several large indu.strics having their own vitriol worlds, such 
as the manufacture of superphosphates and of sulphaje of 
ammonia. 

» 

For higher strengths of acid up to 144° to i52°Tw., the 
acid f)-om the Glover tower is employed wherever possible, as 
no cost is incurred in the process of concentration in this 
tower. By diluting Glover tower acid with the requisite 
amount of chamber acid, any acid can be obtained readily of 
^«»;n|th intermediate between 130° and 144° Tw. P'or^example,' 
in the mam\cfurc of sulphate of soda, acid of 132° to 133° Tw. 
is employed usually when working with rock salt; and acid 
of 138" to 140'Tw. wjien working with common salt (white). 
For some uses of sylphuric acid, however, the^ acid passed 
through the Glover tower .is not suitable, and other forms of 
concentrating apparatus must be employed. 

The manner in which sulphuric acid is c(jn(?entrateci depends 
on the strength of acid desired, and on the material Of the 
concentrating vessel. Acid up to 144° Tw., /3T'’jeven up to 
152° Tw., acts very little upon lead, even when hot^ so long - 
as the acid has not to be stronger than iqq'^Tw., lead vessels 
are used nearly alsvays where it cannot be made in a Glover 
tower. They offet the ai^vantage that tfle vessels can be made 
1 
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of any size, and that wjicn'they are wOrn out the lead can 
be incited dowc easily and n,sed pv/ir again, It is not advisably 
to carry the concentration in lead pans above 144' Tw., because, 
beyond that poiat, the *lead is much acted upon; in no case 
can lea^ pans be used beyond 152° Tw., because the boiling 
point of jthe acid approachos 'too nearly The temperature at 
which lead begins to soften^ and because the acid then acts 
J:oo strongly upon it (see p. 72,'also V^l. I., p. 224). > 

The lead pans may be constructed in various ways according 
to whethef they are heated (i) by direct fire from the top 
(see p. 45), (2) from the bottom (see p. 52), (3) by steam 
(see p. 66), or (4) by the waste heat of the pyrites burners 
(see p. 57). 

In the Glover tower it is possible to attain a higher degree 
of concentration than in the lead pans, as the leadwork is 
protected by the brick lining so as to be acted upon very 
slightly. The acid does not come directly into contact with 
the lead, but only with the lining and packing of the tower, 
and ajrives at the bottom with an average temperature of 
130°,C., so that even the bottom of the tower (which is made 
of extra heavy lead) is not acted upon sensibly. (Recently 
Glover towers have been erected entirely in acid-resisting 
brickwork.*) 

Manuracturers who work their Glo\'er tower with hot gases 
from rich ores, and get their chamber acid up to 120 to 
130“ Tw. can attain a concentration of 150 to 152’Tw., and 
' in some,cases 156 to 160° Tw. can be reached. The laftef*?s 
the exception, and always dangerous to the towir; if it were 
not so, the concentration by hot kiln gas in the Glover tower 
(of course modified to soine extent) ^ould be the cheapest 
plan <for the? final concentration of the pcid, because then the 
escaping gases go into the cKamhprs and are not lost at all. 
Concentration beyond the point attained in lead pane: or in 
ths Glower towCT.is a much more difficult task, involving 
incorftparably more expense than the first concentration, and 
requiring aj^aratite of spscial construction. For many purposes, 
howev*, ^sulphuric acid of the highest possible strength is 
essential; Jor instance, the purification of mineral oils (petroleum, 
paraffin, etc.), and c4benzol; the refining cf gold and silver; 
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the production of nitro-cellulose, nitra-glycerine, nitro-benzene, 
initro-toluene, an8 other nitrcf bodies'; the production of sulphonic 
acids, and in the manufacture of res(ircinoI and alizarine; for 
dissolving indigo and for innumcral)le other purposes in the 
dye industry. In many cases an acid containing 93 to 94 per 
cent. HjSOi will rfJo.* For making nitro compounds ^.specially, 
however, an acid of greater ^strength is required (96 to 97 
per cent.). For .somc«purpo.scs an acid as nearly as possible* 
100 per cent.— i.e., monohydrate sulphuric acid—is required, 
and is made by adding fuming sulphuric acid (oleum) to 
ordinary sulphuric acid. 

This i.s, however, another consideration which indviccs the 
manufacturer to incur the great expense and trouble of 
concentrating the acid made for sale as highly as possible, 
even in cases where the consumer, not requiring it of such 
strength, must him.self dilute before using it, namely the 
greater expense of packages and cost of transit for the same 
weight of real acid in the dilute, as compared with the 
concentrated state. 

Furthermore, in the manufacture of many chemicals'and 
explosives, large quantities of weak sulphuric acid are produced, 
which require to be concentrated before they can be used 
over again. 

Outline of the Processes used in Concentration. 

.^^Concentration in Glass Retorts.~h\. first glass retorts were ' 
_ ihe onlyavai^b'c apparatus for the preparation of high’strength 
^ sulphuric acid, and these could be obtained only of comparatively 
small size and inferior quality. They were set mostly in “ galley 
furnaces,” a long double Tow of retorcs being heated by a fireplace 
at one end; thus thd retorts near the fire were much more 
heated than those more distant, and were finished much softner, 
or even overheated before the more distant fetorts l^d be«r 
fired sufficiently. Owing to the inferior quality of the rttoVt, 
and also to unsuitable setting (each ret^ort wif» either put into a 
metal pot with some sand between, or protectedIfrom ths direct 
flame by a covering a)f clay), there was always’much Dreakage, ■ 
combined not only^with loss of acid but also vfith the sudden 
evolution of suffocsiting vapours. The c«feking oC the retorts 
was induced especially^ by & cold draught getting at them; szjd. 
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since in that case the won!<men had to savS themselves instantly , 
From the vapoifrs by leaving* thofrOom, frequently the crackingf* 
extended to all the reti>rtS. In additienf the expenditure «f 
time, wages, and' fuel in tfiis process wafs very great, in spite of 
improvad retorts and better methods of setting and working 

(see p. 75»). ' '• 

Concentration in Platinun '^ Stills .—There was always, there¬ 
fore, an inducement to discover some other material than glass' 
for the concehtration of sulphuric acid. As .soon as Wollaston’s 
process of welding spongy platinum into ingots and plates was 
known, platinum was employed for this purpose, in spite of its 
high price and the difficulty of manipulating it. The first 
platinum still appears to have been made in 1809 in London, 
and weighed 423 07J Later on platinum stills weighing from 
66 lb. to 112 lb. were made, holding from 4 to 6 tons of vitriol. 
The platinum vessels made by Wollaston’s process were often 
porous and unsound, so that acid oozed through; and blisters 
and rents appeared frequently, which had to be soldered up with 
gold. * The platinum stills, therefore, gave much di.ssatisfaction 
until Ste.-Claire Devillc introduced the method of melting 
platinum in large masses by means of the oxygen blow-pipe 
in furnaces made of quicklime, by which sound ingots of 
platinum^ weighing 2 cwt. arc obtained. With the oxy-hydrogen 
flame, also, the joints could be made with platinum itself instead 
of gold. 

Platinum vessels were used extensively for the final con- 
centrati«>n of sulphuric acid, because of the pase, safety,'Sft’d 
large amount of work which could be carried ofl in them, and 
because it was thought (erroneously) that they would last 
indefinitely. When, however, attention was drawn to the fact 
that platinum is acted upon gradually‘by sulphuric acid, and 
that thus the large capital expended on the stills not only 
^volves heavy permanent charges for interest but has to be 
"written off gradually altogether, other forms of concentrating 
plant were T.dopted. 

In^prov^d and more* economical methods of concentration 
have been developed along the following^, lines. 

Concentratien in Iron Pans .—The ever-increasing cost of 
platinum and the liability of glass to breakage, led to the 
* Chem. News, is, 43. 
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employment of iron Vessels (1882) f<jr the final'concentration 
of sulphuric acid, as cast ir»n resists the action of strong acid, 
although attacked ;by weaker aeid^fgo to 92 per cent. 
H^SO,). 

Concentration in Cascade Plants. —A new method, of con¬ 
centration was iijtrcJduccd (circa 1890) by the use of porcelain 
di.shes, arranged in the form of a cascade, down which acid flows, 
and is heated by a curi^nt of l 4 ot gases from a fire. This .sy.stein 
was adapted particularly for concentrating the acid from lead 
evaporating pans (144° Tw.) up to 92 to 93 per cent. H,,S04, at 
which strength it was fed into the cast iron concentrating pans. 
Improvements have been made from time to time by the intro¬ 
duction of porcelain and enamelled iron beakers, vitreosil 
basins, and of vessels made of acid-resisting ferrosilicon alloys 
(tantiron, ironac, narki, etc.), so that the cascade .system of 
concentration has found extensive application in all parts of 
the world. 

The Kessler Plant. —Many attempts were made to concentrate 
sulphuric acid by bringing hot (Ire gases in direct contact with 
the acid, but the processes of Kessler (1891) and Gaillard (4906) 
have alone achieved industrial success. In the Kessler plant 
hot gases from a coke producer are drawn over the surface 
of a .shallow layer of acid in a flat volvic .stone di.sh (tljp saturex), 
and then through a series of suj)erimposed trays luted with 
acid (recuperator). The weak acid to be concentrated is 
introduced into the top tray, and, passing downwards through 

trays to 4 hc bottom dish or saturex, meets the hot.gases on* 
its way. Tm concentration of the acid takes place in a regular 
manner throughout the system, and it leaves the saturex in a 
highly concentrated condition. Tjie system has been adopted 
universally, and is excellent for moderate outputs. * 

. The Gaillard Plant. —Gaillard introduced an entirely new 
principle in the atomising of the acid in the foj;m of a fine spray 
down an empty tower, up which hot gases f»om a coke'produiJfer 
are ascending. Under these conditions, t|>e contact between 
the acid and the hot gases is as ftitimatc as possible, and 
concentration takes place regularly throughout the tdwer, so 
that the acid arrives at the bottom of the^appt^ratus in a 
highly concentrated condition, and the gases, which enter the 
base at a red heat, are reduced considerably in'temperature 
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when they leave the top @f tiie tower. The system has found 
extensive appliftation for th» pradaction of lai^e quantities of 
strong acid, and especiajiy "for the concentration of the wast@ 
acids from the m*nufactur(f of explosives; 

Variftu.s modifications of the Kas.sler and Gaillard plants 
have becq made, and the.se wifi be described^ subsequently in 
the text, together with other d^tparatus of special construction. 



CHAPTER II 

THK I'KOriCkTIES OK ORDINARY CONCENTRATED 
SUI.l’IlURIC ACID 

The strongest acid obtainable by boiling down ordinary pure 
sulphuric acid contains a quantity of water, which is not stated 
alike by different observers (Marignac, Pfaundicr, Roscoe, 
Dittmar, Lunge, and Nacf, etc.). The .statements vary from 
97-86 to 98 99 per cent. ILSO^, but Lunge’s figure of 98-3 
per cent, is usually accepted a.s correct. This distilled sulphuric 
acid solidifies a little below 0°; but it shows superfusion in 
a very high degree. It boils at 338° (Marignac); 315°,to 317° 
(Pfaundicr and Polt); but the latter figure is considered unreliable, 
and the acid probably contained a little more i^ater. If boiled 
at atmospheric or lower prc.ssures, the acid bumps violently, 
which can be avoided by putting in bits of platinum wire or 
foil; or, according to Dittmar, still better by conducting a slow 
current of air through it during the boiling. This acid of 98 3 
per cent, is an acid of maximum boiling point (330°), as shown 
K*nictsch *; below this water or dilute sulphuric ac^d ; above 
this sulphurV: anhydride is volatili.sed, until, in cither case, the 
constantly-boiling acid of 98-3 per cent, is reached. The vapour 
pressure measured at, 100° in a vacuum is zero; the specific 
gravity is at its maximum; the electrical rcsistaftcc begins to 
increase sharply at this point' towards a maximum reached 
at approximately 100 per cent. IL^SO^, and in connection with 
this the action upon iron decreases, which is of great iihportailLe 
for the durability of plant. Knietsch has sliown also that acid 
of this strength absorbs sulphuric ‘anhydrid* ' wipours very 
readily; a fact of which great use is made in the preparation 
of oleum by the contact process. Recently the thermal data 
obtained by Knietcch has been subjected to a critical examination 
Ber., 1901, p. 4089. 
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by A. W. Porter/ and found to be unreliable, so that some 
doubt has beefi cast on tire entire accuracy of his results, 
although his general cosclifsions are prirbitbly quite correct. * 
The ord\n&ty * rectified'oil of vitriol'* usually contains more 
water then the acid of maximum boiling-point. Very occasion¬ 
ally 98 per cent, is made, but the ordinary rectified O.V. 
generally termed “ 168° Tw.” r^ries in strength from 96 to 92 

Sso’c____i_•__ 

w-‘------ 


so' 



STRENGTH AS 7.AGE OF H,50. I ( 


Fig. I.—Boiling-Points of Sulphuric Acid at Various Strengths under a 
Barometric Pressure of 750 mm. (after Knietscli). 

• • 

per cent. This variation is caused partly by the fact that at 
higher degrees of concentration a slight difference in specific 
gtivity cc^respon^ls to a great difference in percentage; partly 
also bteause the specific gravity of commercial acids, owing 
to the preseitte,^ of impqrities, is always higher than that of 
the purs aci 5 . It should also be observed that the correctness 
of ordinary hydroftieters is rarely of a high order of accuracy. 

The TwiddeR hydrometer employed almpst exclusively in 
( 

‘ Trans, Faraday Soc.^. 1918 . 
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England is based ofi the system thet i° is equivalent to a 
difference in dSnsity of ot)e5. •Gn the Continent and in 
America, Baum^’s hydrometer is ifse«l almost universally, but 
unfortunately the deglees of Jhis ‘instrument, as stated by 
various authorities, answef to very different specific gravities. 
The rational B^uAd hydrometer is graduated (water = i) 
according to the formula— 

Density ' 44-3 
144.3 

where n signifies the degree of the scale corresponding to it. 
This scale is adopted generally in France and Germany. In 
the United Statc.s, still another scale has been adopted and 
legalised by the Bureau of Standards (Circular No. 59.13.1916) 
based on the formula— 

n (Degrees B.iume) - 145 - —— 

Density 

Tables of comparison of the three .systems arc giwn on 
sage 10. 

The percentage of mixtures of sulphuric addend water is in 
the great majority of cases tested by the hydrometer only, 
and many tables have been constructed for this purpose, the 
most important being those of Lunge and Isler,' for strengths 
up to 142° Tw., and also of Lunge and Nacf,^ Pickering,’ 
Worden,'* Mendclejeff,''' Sidersky,'* Holler and Pfeifer.^ 

> ’An elaborate inve.stigation on the density of»aqueous 
solutions of \ulphuric acid has been madg by Domke and 
Bein on behalf of the Normalcichungs Kommission at Berlin,’ 
from which the tables on pages n, 12, 13, and 14 have been 
prepared. . * 

' Z. angew. Chem., 1890, p.’ny; /. Soc. Chem. Ind. {Abstr.),>\%c)a, 
p. 501. 

* Chem. Ind., 1883, p. 37. 

’ J. Chem. Soc., 67 , 64 et seq. 

' J. Soc. Chem. Ind., 1905, pp. 178 et seq. t 

“ Z. physik. Chem., 1887, p. 273. 

® Ann. Chim. anat., 1916, p. 197 ; Chem. Abstracts, 1^16, p. 3io. 

' J. Amer. Chem. Soc., 1916, p. 1021 ; /. Soc. Chem. ind. (Abstr.), 1916, 
p. 692. ■* 

* Z. anorg. Chem., 1905, 48 ,425-181. 



(Mmpqrison 'of “Degrees ^aunU with the Specific Gravities and Degrees Twadiell. 
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Spedfif Gravities of Sulphuric Acid. 


• l(W parts by weight 
• contain 


lilosn..Sf\ • 
per litli*. 


1 cubic foot of acid 


069 

mS 

1- 89 

2- 48 

3- 10 
370 

4-31 

4-90 

5'49 

608 

6-66 

7-24 

7- 8i 

8- 96 

9- 53 

10- 09 
1065 

11- 21 

11 - 76 

12 - 32 

12-86 

13- 40 

» 3-95 

14- 49 

15- 03* 

15- 56 

16- 09 

16- 62 

'7-'5 

17- 67 

18- 19 

18- 72 

19- 24 

19- i5 

20- 27 
26-78 

21- 29 

21- 81 

22- 31 

22- 82 

23- 17 

23- 82 

24- 32 

24- S2 

25- 32 

•25-81 

26- 30 
* 26-79 
‘ 27-28 

2^.77 * 


00084 

0-0159 

0-0234 

0-0310 

0-0388 

0-0467 

0-0546 

00624 

0-0702 

0-0781 

o-o86o 

0.0939 

0-1018 

o-1098 

0-1178 

0-1259 

0-1340 

0-1420 

0-1501 

o-i 5 ‘S 3 

o-1665 
0-1746 
0-1829 
0-1912 
0.1995 
0-2078 
0-2161 
0-2245 
0-2329 
0.2413 
0.2497 
0-2582 
0-2668 
0-2754 
0-2840 
0-2926 
0-3013 
0-3100 
0.3188 
0.3278 
0-3364 . 

0-3452 

0-3542 • 
•-3631 
0-3720 
0-3810 
0-3900 
0-3990 
0-40^1 
0-4172 
0.^264 


weighs 0 (-(njtAlsis 
lb. avoir, \h. 


62 - 74 

63 - 05 

63-87 

63- 68 

6399 

64- 30 

64-61 

64- 93 

65- 24 

6555 

65- 86 

66- 18 

66-49 

66- 80 

67 - 11 

67-42 

67- 74 

68- 05 
68.36 

68-67 

68- 98 

69 - 30 
6961 

69- 92 

70- 23 

70-55 

70 - S 6 

71 - 17 

71-48 

71 - 79 

72 - 11 
7242 

72 - 73 

73 - 04 

73-35 

73 - 6 ? 

73 - 9 S 

74- 29 

74- 60 

* 74-92 

75- 23 

75 - 54 
7,^85 
f6-i6> 

76- 48 

* 76-79 

77- 10 
77-41 • 

77 - 72 

78- 04 

7835 


0-53 

0-99 

1-46 

1 - 94 

2- 42 

2- 91 

3- 40 

3 - 90 

4 - 38 

4- 88 

5 - 37 

5-86 

6- 36 

6-86 

7- 36 
7-86 

8 - 37 
.8-87 

9 - 37 

9-88 

10- 40 
logo 

11- 42 

11 - 93 

- 12-45 

12- 97 

13- 49 

14- 01 

14- 54 

15- 06 

’ 15-59 

16- 12 

16- 66 

17- 19 

17 - 73 

18- 27 

18- 81 

19 - 35 

19-90 

, 20-45 , 

^ 21 - 00 , 

2 <*55 
22-11 
22-67 

,23-23 

- 23-79 

24-35 

24- 91 

25- 48 

26- 05 
26-62 
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Specific Gravities of Sulphuric Acid — continued. 
. ‘ ' 


Q 

Degrees 

Twaddell. 

S|»eciHc 
gravity 
d 1571*. 

100 parts by wdight 
centain 

Kilos lliVOi 
per litre. 

1 cubic foot of acid 

.... 

S 0 ;j. 

VT,fS04. 

1 

weighs 

11). avoir. 

contains 

Ih. HJ8O4. 

■54 

. 1-770 

68-24 

S3-50 

1-4779 

I lO-SO 

92-27 

155 

1-775 

68-68 

84-03 

1-4915 

iio-8r 

93-12 

156 

I7SO 

69-11 

84-56 

1-5052 

nM2 

93-97 

157 

1785 

69-57 

85-12 

1-5194 

in-44 

94-86 

158 

1-790 

70-03 

85-69 

1-5338 

111-75 

95-76 

159 

1-795 

70-53 

86-30 

I-5491 

112-06 

96-71 

160 

I'Soo 

71-04 

86-92 

1-5646 

112-37 

97-67 

I6I 

1-805 

71-60 

87-61 

1-5814 

112-69 

98-72 

162 

i-8io 

72 21 

85-35 

1-5991 

ii3‘00 

99-83 

163 

1-815 

72-S7 

89-16 

16182 

11,3-310 

101-03 

164 

1-820 

73-59 

90-04 

1-6387 

113-62 

102-31 


Specific Gravities of Solutions containing above 90 per cent, 
of Sulphuric Acid. 


Per cent. UgSO^ 

91 

92 

93 


95 

Density tl i5”/4° 

1-8248 

1-8293 

1-8331 


• « 

1-8 j88 

Per cent. IIaS04 

< * 

96 

97 

98' 

99 

100 

Density if 1574” 

^•8406 

1-8466 

1-8411 

1-8393 

'■8357 


i • 

A cprreltion for any deviation of the temperature from 15° 
must be vnade whenever the acid tested bj' the hydrometer is 
above or below that temperature. The following figures are 
taken from _a table in Lunge’s Technical tjiemists’ Handbook 
(1913). Mean figures only are givdn bejow; for each degree 
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above or below 15° ^dd or subtract Trom the specific gravity 
observed. • ^ • • •• 

With acids up !• 170 («34'’Tw. ),—o ooo 5 . 

„ from i-ijo to l-iso ( 34 to 90” ) - 00007.^ 

„ *, 1-450 .. ^5§o( 90 „ 116°) -o-oooj. 

„ * „ 1-580 „ i7!o (I r6 „ 150”) - 0-0009. 

„ 1-750 $ '-840 (150 „ 169”) - oooio. 


The subjoined tables have been approved and adopted as 
standard (23rd June 1904), by the Manufacturing Chemists 
Association of the United Statc.s. 

The chemists responsible for the work were W. C. Ferguson 
and H. P. Talbot, The freezing - points assigned were 
calculated from Pickering’s results.^ 

Specific gravity determinations were made at 60° F., com¬ 
pared with water at 60” F. From the specific gravities, the 
corresponding degrees Baumti were calculated by the following 
formula— 


Baumc- 145 - —-O. 

sp. gr. 

Baumc hydrometers for ii.se with this table Vnust be 
graduated by the prccecling formula, which formula should 
always be printed on the scale. 

^66°, Baume = .sp. gr. 1-8354. One cubic foot of water at > 
< 5 o° F. weigh.s 42-37 lb. avoirdupois. Atomic weights from 
F'. W. Clark’s table of 1901, standard— 


0 -■ i6.» = »oo percent. 



IfaSO,’ 

O.V. 

eo" De. 

o.v. . 

93-16 

100*00 

119*08 

60” 

77-67 

83-35 • 

100*00 

50’ 

62-18 

66*72 t 

^■06 


> r 


Acids stronger than 60° Be. should have iheir percentage 
compositions determined by chemical analysis. 


1 /. Chem. Soc., 67 , 363. 




16 


PROPERTilES OF SULPHUfeiC ACID 


4 


B4.' 

Sp. (ir. 


Per ceiift. 

Weight 

1 cu. ft. 
ill lbs. Av. 

Per cei<. 
Ol V. 
r 

Poumis 

O.V. 

in 1 cu.ft. 

Freezing 
(Melting) 0 
Point. 

0 

^I-OOOO 

0-0 

0*00 

,62-37' 

0*00 

0-00 

32-0° K 

I 

1(Oo69 

1-4 

1-02 J 

62-80 

1-0$- 

0-68 

31-2 „ 

2 

1*0140 

2-8 

2-08 

63-24 

2*23 

' 1-41 

30-5 M 

3 

I-02II 

4*2 

3-13 

63-69 

3-36 

2-14 

29-8 „ 

4 

1-0284 

5-7 

4-21 

6414 

4.-52 

2*90 

28-9 „ ' 

5 

1-0357, 

7-1 

5-28 

64*60 

5-C7 

3-66 

28-1 „ 

6 

1-0432 

8*6 

6-37 

65*06 

0*84 

4-45 

27-2 „ 

7 

1-0507 

10*1 

7-45 

65-53 

7-99 

5-24 

26-3 „ 

8 

1-0584 

11*7 

8-55 

66*01 

9-17 

6*06 

25-1 .. 

9 

1*0662 

13-2 

9-66 

66-50 

10*37 

6*89 

24-0 „ 

10 

1*0741 

14-8 

10*77 

66-99 

11-56 

7-74 

22-8 „ 

II 

1*0821 

16-4 

11-89 

67-49 

12-76 

8*0l 

21-5 .. 

12 

1*0902 

18-0 

13-01 

68*00 

13-96 

9-49 

20*0 „ 

13 

1-0985 

19-7 

14-13 

68-51 

15-16 

10-39 

18-3 

14 

1-1069 

21*4 

15-25 

69*04 

16-36 

11*30 

16-6 „ 

15 

1-1154 

23*1 

lb-38 

69-57 

17-58 

12*23 

14-7 .. 

l6 

1*1240 

24*8 

17-53 

70*10 

l8*8i 

13-19 

12-6 „ 

17 

1-1328 

26*6 

18-71 

70-65 

20*o8 

14-18 

10*2 „ 

18 

1-1417 

28-3 

19-89 

71*21 

21-34 

15*20 

7-7 

19 

1-1508 

30-2 

21*07 

71-78 

22*6I 

16-23 

4-8 „ 

20 

i*i6oo 

32-0 

22*25 

72-35 

23-87 

17-27 

+ i‘6 „ 

21 ‘ 

1-1694 

33-9 

23-43 

72-94 

25-14 

18-34 

- 1-8 „ 

2? 

1-1789 

35-8 

24*61 

73-53 

26-41 

19*42 

- 6-0 „ 

23 

1-1885 

37-7 

25-81 

74-13 

27-09 

20-53 

-11 n 

24 

1-1983 

- 39-7 

27-03 

74-74 

29-00 

21*68 

-16 „ 

25 

1-2083 

41-7 

28-28 

75-36 

30-34 

22-87 

-23 „ 

26 

1-2185 

43-7 

29-53 

76*00 

31-69 

24*08 

-30 M 

27 

V2288 

45-3 

30-79 

76-64 

33-04 

25-32 

-39 „ 

28 

1-2393 

47-9 

32-05 

77-30 

„ 34-39 

26-58 

-49 » 

29 

1*2500 

50-0 

33-33 

77-96 

35-76 

27-88 

-61 „ 

30 

1*2609 

52-2 

34-63 

78-64 

37-16 

29*22 

-73 » 

31 

1*2719 

54-4 

35-93 

79-33 

38-55 

30-58 

-82 „ 

32 

1-2832 

56-6 

37-26 

80-03 

39-98 

32*00 

- 9,6 „ 

33 

« 1-2946 

58-9 

38-58 

80-74 

41-40 

33-42 

- 9V ,f 

34 

1-3063 

61*3 

39-92 

81-47 

42-83 

S4-90 

-91 .. ' 

35 

1-3182 

63-6 

41-27 

82-22 

44-28 

36-41 

-81 „ 

36 

1-3303 

66*1 

42-63 

82-97 

45-74 

37-95 

-70 „ 

37 

1-3426 

68-5 

43-99 

83-74 

47-20 

39-53 

“60 „ 

38 

1-3551 

71-0 

45-3> 

84-52 

1^8*66 

41-13 

-53 „ 

39* 

1-3679 

73-6 

46-72 

85-32 

59-13 

42-77 

-47 M 

40 

1-3810 

76*2 

48-10 

. 86-13 

51-61 

44-45 

-41 „ 

41 

1*3942 

78*8 

49-47 

86*90 

53-08 

46*16 

-35 .. 

42 

1-4078 

. 81-6 

50-87 

87-80 

54-58 

47-92 

-.-31 

43 

•;-42i6 

84-3 

52-26 

88-67 

56-07 

49-72 

-27 „ 

44* 

1-4356 

87-1 

53-66 

89-54 

57-58 

51-46 

-23 .. 

45 

1-4500 

90-0 

55-07 

90*44 

59-09 

53-44 

- 20 „ 

46 

1-4646* 

92-9 

56-48 

9>-35 

6o*6o 

55-36 

-14 M 

47 

1-4796 

■ 95-9 

57-90 

92-28 

62-13 

57-33 

-15 .. 

48 ‘ 

1-4948 

99-0 

59-32 

93-23 

63-65 

59-34 

-18 „ 

49 

1-5104 

*102*1 

60-75 

94-20 

65-11 

61-40 

-22 „ 

50 

1-4263 

, 105-3 

62-18 

95-20 

66-72 

63-52 

-27 „ 

5* 

1-5426 

io8-5 

63-66 

96-21 

68-31, 

65-72 

-33 

52 

1-5591 

III-8* 

65-13 

97-24 

• 

69-89, 

67-96 

-39 M 
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Bi.’ 

tip. Or. 

1 

Tw.“ 

Cor coiit. 

Weight* 

1 cu. ft. 
in lbs. Av. 

* 

rent. 

1 O.V. 

Pounds 

«o.v. 

lift cu.ft. 

Freezing 
(Melting) 
Point. - 

53 

•1-5761 

115-2# 

66-63 

46-40 

71-50 

70-28 

-49” F- 

54 

1-5934 

1*8-7 

68-13 

99-^ 

73-11 

72-66 

• 59 .. 

55 

I*6lll 

122-2 

69-65 

100-48 

74-74 

75-10 


56 

1-6292 

125-8 

71-17 

Joi-Oi 

76-37 

77-60 

»l 

57. 

1-6477 

129-5 

•72-75 

*02-77 

78-07 

80-23 

n 

58 

I -6667 

133-3 

74-36 

103-9S 

79-79 

82-95. 

n 

59 

i-68()0 

137-2 

75-99 

105-16 

81-54 

85-75 

■ - 7 n 

60 

1.7059 

141-2 

77-67 

106-40 

83-35 

88-68 

-412-6 „ 

61 

1-7262 

M5-2 

79-43 

107-66 

85-23 

91-76 

27-3 .. 

62 

1-7470 

149-4 

81-30 

108-96 

S7-24 

95-06 

39-1 .. 

63 

1-76S3 

153-7 

83-34 

110-29 

89-43 

98-63 • 

46-1 „ 

.64 

1-7901 

158-0 

85-66 

111-65 

91-92 

102-63 

46-4 „ 

641 

1-7957 

159-1 

86-33 

112-00 

92-64 

103-75 

43-6 1. 

64i . 

I-So 12 

i6o-2 

87-04 

112-34 

93-40 

104-93 

41-1 n 


1-8068 

161-4 

87-81 

112-69 

94-23 

io6-19 

37-9 .1 

65 

• 1-8125 

162-5 

88-65 

113-05 

95-13 

107-54 

33-1 n 

65i 

1-8182 

163-6 

89-55 

113-40 

96-10 

108-97 

24-6 „ 

654 

1-8239 

1648 

90-60 

113-76 

97-22 

110-60 

13-4 1. 

65} 

1-8297 

165-9 

91-80 

114-12 

98-51 

112-42 

- I » 

66 

1-8354 

167-1 

93-19 

114-47 

100-00 

114-47 

-29 „ 

, . 


* Bolow -40. 


« 

ALLUWANtli KOI! TEMFEUATUKli. AkI’KOXIMATE BoILING-POINTS. 


At 10*’ Bt 

0 029“ Be. or 0-00023 ^P- l” • 

50" 

Bti. 295° F 

.1 20“ „ 

0-036" „ 

0-00034 „ - r „ 

60° 

„ 38 ^ „ 

1) 30 » 


0-00039 * n i” .. 

61° 

.. 400° 11 

M 40” }( 

O-Ojl" „ 

0-00041 „ = 1° „ 

62° 

1, 415° 1, 

» 50" H 

0-028° ,, 

0.00045 .. - 1" M 

63“ 

.1 432’ „ 

>:• 60® •„ 

0-026° „ 

0-00053 „ 1° „ 

64° 

1. 451’j. 

n 63 i» 

0026'’ • 

0-00057 „ i" „ 

65” 

„ 485 1, 

»i 66'^ 4, 

0-0235° .. 

0*00054 It — 1 It 

.66° 

„ 538° „ 


Influence of Impurities on the Density of Aqueotis 
Sulphuric Acid. 

The specific gravities given in all tables refer only to 
acid, and cannot be accepted as quite correct for the ordinary 
acid of trade, which always contains inspuritfes. ^ ’ , 

The effect of the presence of arsenic trioxide has been 
examined by R. •Kisling.’ The specific gravities of two 

commercial acids,, A and B, were observed "at ^S°C., and 

* 

' CAem, Ind„ 1886, p. 137. 

• B 


4 
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‘ . ' 

calculated for water at 4° C. and the vacuum, in order to be 
comparable with Lunge’s arid Nsef’s figures foi* pure acid. 

t _ ^ 



A. 


! 

' 13 . 

. 

Tun- AcM aii'l Nat'O- 

Hj). <lr. 

H.NSO4 


1 

' Hp. (!r. 

t 

611.S0, 

AS.^( 

fir. at J 

1 US (>4 

at 16 *. 



at U>*. 



ill 







1 



I’8377 


0-137 

1-8367 

93-82 

0-024 

1-833 

92-75 

1-8387 


0*137 

1-8372 

93-67 

o-o3<; 

1-8.34 

93-05 

1-8393 

92-S7 

0*192 

1-8373 

93-12 

0-02S 

1-835 

93-43 

1*8409 

93.28 

0-258 

1-8384 

93-72 

0-037 

1-S36 

93-80 

1*8412 

94-25 

0*219 

1-8386 

93-96 

0-037 

l*«37 

94-20 

1-8413 

93-60 

0-254 

1-83KS 

94*04 

0.039 

1-838 

94.60 

1*8414 

93-93 

0*231 



... 

1-839 

95-00 

1-8415 

93*77 

0-231 




1*840 

95 - 6 o 


The effect of the presence of sulphur dioxide has been 
examined by J. Dunn.' By pa.ssiug a current of pure dry SOo 
through .sulphuric acid of sp. gr. 1-841, he found that this acid 
dissolves the amounts shown in the following table. 


< 

Ti'iiiin-r.-iltiro 0 °. 

Volutmi at N’.T.r. 
Vul.s. St 

Sjn-i’ilid (Jravity 
of SiilulKm 
at Ti’ni|H'raliirn 
uf lixi)«Tinn-iit. 

At IM 

33-7S 

1-823 

„ 161 

28-89 


.. I 7 -I 

28-14 


„ 26 9 

19-27 

1-822 

1. 42-0 

12-82 

I- 82 L 

I. 509 

9-47 

I-8I8 

„ 62-3 

7-21 

i-8i6 

„ 84-2 

4*54 

1-809 


Sulphurous acid certainly ‘nevvr occurs in such quantities 
(up to saturat'pn) in commercial vitriol; and it .is very 
‘’rarely that more than traces of it arc found therein, since it 
cannot co-dxist v{,ith the nitrogen oxides which are found 
frequently lin weak commercial vitriol. Nitrous acid has a 
very iriafked effect on the apparent percentage of a sulphuric 
acid as tested by the hydrometer, but is present usually in very 
small quantities in concentrated acid, and only in “nitrous 

‘ C/iem. News, 1881, 48 , I2f j 1882, 46 , 270. 

L r 
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• * 

vitriol" do such largi proportions ofmitrou.s acid occur as to 
influence appreciably the s*pcs;ific 'gravity of the sulphuric 

atid. • * 

A. Marshall' has mSde a careful study of the effect of the 
presence of impurities on the (K'lisity of sulphuric aci'l. Ihe 
acid recovered fnjm Ihe waste acid of nitratiiig processes may 
contain notable quantities of nitric acid, which make the specific 
gravity of the strong si«lphuric*acid appear higher than normal. 
Mixtures of both acids up to 7-5 per cent. UNO.,, show an 
incrca.se of sp. gr. up to 1-862; from that onwards the specific 
gravities decrease. Icxperiments show that an arlditional 
O-l per cent, of various sulphates rai.scs the specific gravity 
of strong sulphuric acid by o-ooi ; lead sulphate by O OO15; 
A.S..O3 by 0-001.5; nitro-sulphiiric acid by 0-00027. Lead 
.sulphate is slightly .soluble in strong acid ; 94 per cent, may 
contain 0-06 per cent. rb.SO,, and 98 per cent, acid up to 0-09 
per cent. PhSO,. 

Fra-rJug- and Mching-poinls.—Thc freezing- and melting- 
points of sulphuric acid of different degrees of concentration 
have been determined by Lunge." 


Mpoc. (Irav. 
of Aci<] at 


Hi-ltii.K. 

ji'iiiit. 

♦ 

SjM-p. (ir.-tv. 

<,f Acl<l Al. 
1.'. . 

Fm-ziiiK-poiiit. 4 

Mi'lUiig- 

I -671 

liquid at - lo" 

litUiid 

1 -767 

H 1-6 

1 6-5 

1-691 

do. 

do. 

1 - 7«40 

■ 14-5 

48-0 

1-712 

do. 

do. 

I-X07 

- y-0 

, 6-8 

1727 

-t -5 

- 7-5 

1-822 

liquid at - 20“ 

liquid 

1-732 

- 8-5 

- 8-5 

1-840 

, do. 

do. 

1-749 

- 0’2 

.<•4.5 





Further determinations have been made by Pickering,’* 
Thilo,'* Pictet,'* and, more recently, by Girau.'* ^ 

* J. Soc. Cheat. In.l., 1902, p. 1508. 

* Ber., 1881, p. 2649 ; J. Chem. .Soc. Ahtr., 1882, \t. 149. i> 

’ J. Chem. .Soc., 1890, p. 331. • * 

* Chem. Zeit., 1892, p. 1688 ; J. Soc. Chem. Inti. 1893, p. *827. 

^ Comptes rend., 189V p. 642; /• Soc. Chem. Jnd. {Aistr.), 18951 

P- 35 - V * * 

Bull. Soc. chim., \c)\i, p. 1049; J. Soc. Cdem. Ind. i^lbstrl), 1913, 
p. 788. 
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• * . * 

Knietsch ‘ ^ives the •following table tif the melting-points 
of sulphuric acid from !•'pen. dent, to .ioo per cent. SOj, 
which has been supplemc'ntcd by adding the corrc.sponding 
percentages of'^II.^SO^. ‘ He takes ''as melting-point the 
temperature at wliicli the cooled acid in which crystals had 
commenoed to form remained constant ^when the vessel 
was taken out of the cooling medium during the process 
'of solidification. 


W);, 


Mi-ltlnj;. 

8();, 

li.jSO^ 

Mttitiiig- 

(SO;l 

Miiltiiig- 

r ot'nt. 

per (Tilt. 

iKiint. 

[ii-r iii-iit. 

per fi-lit. 

point. 

por cent. 

point. 



Ihign-r-H. 



Dcgrei's. 


Dogniefl. 

1 

2 

1-22 

2-45 

- O-f) 

- I-O 1 


... 1 

... / 

below - 40 

82 

83 

+ 8-2 
- 0-8 

3 

3 -<J 7 

- 1-7 

61 

74.72 

- 40 

84 

- 9-2 

4 

4.1)0 

- 2-0 

62 

75-95 

’ 20 

85 

- Il-O 

5 

(j-I2 

- 2-7 

^■>3 

77-17 

-11-5 

86 

- 2-2 

6 

7-35 

- 3 ‘'-> 

64 

78.40 

- 4-8 

87 

i-ia-s 

7 

H -57 

- 1-4 

^■>5 

79.1,2 

- 4-2 

88 

4 26-0 

8 

').So 

- 5-3 

66 

So.,S5 

-1- 1-2 

89 

-4 34-2 

') , 

n*02 

- ()<) 

67 

82-07 

1- 8-0 

90 

t 34-2 

10 

1225 

- ()-7 

68 

83 -.V 7 

i 8-0 

91 

+ 25.8 

V 

13-47 

... 7.J 

69 

84.52 

i- 7-0 

92 

4 14-2 

12 

14-70 

- 7.1) 

70 

«, 5'75 

i 40 

93 

1 08 

13 

15-92 

» - 8-2 

71 

80-97 

I-O 

94 

4 4.5 

14 

17-15 

- r,.o 

72 

88-20 

7-2 

95 

+ 14.8 

15 

18-37 

- 9-3 

73 

89.42 

- i6-2 

96 

+ 20-3 

i() 


... 9.S 

74 

90-65 

25-0 

97 

+ 29-2 

17 

20-S2 

-11-4 

75 

91.87 

- 34-0 

98 

-4 33-8 

18 

22-05 

- J 3-2 

7 f> 

yS-iot cq 

- 32-0 

9 ‘) 

+ 36-0 

19 

23-27 

-15-2 

1 77 

y 4 'S. 3 k, 

- 28-2 

100 

4-40-0 

20 

24-50 

- I7-I 

! 78 

95-05 J S 

i6-5 


21 

25-72 

- 22-5 

79 

96-77 

- 5-2 


• 

22 

2<>-95 

- 31-0 

80 

y8-oo 

+ 



23 

28-17 

40-1 

1 81 

99-25 

7-0 






: 81-63 

100-00 

■1 lO-O 




t 

A'/AVy-./o/w/.v.—The boiling-point of Sulphuric monohydratc 
is slated by Marignac to be 338’. •According to the determina¬ 
tions of^Lungc,'^ the boiling-points of mixtures of sulphuric acid 
andevater are as Shown in Tables I. and II. on the following 
page. 

* 1901, p.gioo ; y. Sac. Chem. Ind. (Ads/r.), 1902, pp. 172, 343. 

* Ber., 1878, p. 370. 
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TAir,E I.- 


^ciflo 

Tempera- 

• 

HpeclUc Gravity 

• 

.Vorc<'ittat?o 

Bolling- 

Barometer 
nxlueed 
to mm. 

Gravity. 

ture. 

rotlucBfl t*lf>". 

ft 

of II2SG4, 

point. 

1-8380 

17 

I 8400 

.... .. 

'J 5-.3 

Drgn-i-s. 

297 

7iS-8 

’ 1-8325 

16-5 

•1-85.34 • 

92-8 

280 

723-9 

1-8:40 

15-5 

1S242 

*) 0-4 

264 

720-6 

1-8130 

16 

ISI40 

SS-7 

257 

. 726-0 

I-7985 

• 5-5 

r-7')<>o 

S6-6 

241-5 

720-1 

17800 

IS 

1-7S00 

84-3 

228 

720-5 

i- 75-)5 

i() 

I 7 SS 4 

Hi-S 

218 

726-0 

1-7400 

15 

1-7400 

8o-6 

20 <) 

720-6 

1-7185 

17 

1-7203 

7S-9 

•203-5 

725-9 

1-7010 

18 

1-7037 

77-5 

197 

725-3 

1-6750 

!•> 

1-6786 

75-3 

183-5 

725-2 

1-6590 

16 

1-6599 

73 -y 

180 

725-2 

1-6310 

17 

1-6328 

71 -S 

173 

725-2 

1-6051^ 

17 

1-6072 

69-5 

l6<^ 

730-1 

i- 5«25 

15 

1-5-825 

67-2 

1{>0 

728-8 

1-5600 

17 

1-5617 

95-4 

158-5 

730-1 

1-5420 

17 

1-5437 

64-3 

151-5 

730-1 

1-4935 

IS 

1-4960 

59-4 

143 

730-1 

1-4620 

■7 

1-4935 

56-4 

133 

730-1 

14000 

17 

1-4015 

50‘3 

124 

730 - 1 . 

1-3540 

17 

1-3554 

45*3 

118-5 

730-1 

1-3180 

17 

»* 3 iy 4 

41-5 

115 • 

730-1 

1-2620 

'7 

1-2633 

34-7 

IIO 

732-9 

1-2030 

17 

1-2042 

27-6 

107 

732-9 

1-1120 

17 

1-I12S 

15-8 

103-5 

, 732-9 

1-0575 


1-0^80 

8-5 

101-5 

735-0 


TAIil.l- II. 

{Calculated by (Ini/’liical Interpolation.) 


I’er cent. 
HaSOj. 

Boiling. 

IKjint. 

: I’rr CMlt* 

■ IUSO4. 

Boiling. 

point. 

INt cent. 

Bolling. 

point. 

• 

I'er cent. 
11-1-SO4. 

Dolling. 

point. 

5 

Pegr<-*-8. 

101 

45 

IVgn-i'.s. 

11 8-5 

70 

Degrees. 

170* 

f 

86 

. Degrees. 

218.5 

10 

102 

50 

124 

72 

174-5 

88 

2 ? 1*5 

'5 

103-5 

53 

128-5 

74 

i8o-» 

()0 

262-5 


105 

56 

133 

76 

l8y 

• 91* • 

268 


io6-5 

60 

141-5 

78 

199 

92 

'. 274-5 

30 

108 

62-j 

147 

80 

207 f 

93 

281.5 

3 S 

IIO 

65 

153-5 

82 

218-5 

94 

238-5 

40 

”4 

6J.5 

161 

84 

227 

• 95 ♦ 

295 


TT 
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Vapou* Pressure of, SiUpburlc Acid Solutions. 

The vapour pressure^ of sulphuric aaid^solutions of various 
strengths have Been determined by Re^nault' for temperatures 
from 5V0 35°. 


(/. 

1 

. . . 

n-..soi 

n..so, 

1 4ll..<) 

t 

U.iSO^ 

l*7II-«) 

U..SO4 

1 y 

II.xS<), 

+ 11 H.,0 

ItoSO^ 1 
+17U20 


H4'6/. 

731 " 

«4 f» . 

f.7*0'. 


•13*7> 

»7*7:“ 

83*1 • . 

‘J4-8 1 




1 r.r.i 

1 *177. 

i*‘rjM. 

1-340. 

1 *287. 

1 247. 

1*170. 


Him. 

nitii. 

mm. 

mill. 

mill. 

mm. 

mm. 

mm. 

mm. 

5 

0*105 

0*388 

0*801 

1*294 

2*137 

3* 168 

4*120 

4.42s 

5-478 

7 

o-IoS 

0*430 

0-985 

1*510 

2*464 

3*643 

4.728 

5-1(14 

(1-300 

y 

0*112 

0476 

M25 

1-753 

2-S29 

4-176 

5.408 

5.980 

7-216 

11 

0*11S 

0*527 

1*280 

2*025 


4-773 

6*166 

(1-883 

8-237 

13 

0*124 

0*580 

i'45*t 

2*331 

3-l>99 

5-443 

7*013 

7.885 

9-374 

IS 

0*131 

0*051 

1*048 

2*074 

4-215 

6*194 

7*958 

8-995 

10-641 

17 

0-139 

0*725 

1*865 

3*059 

4-793 

7*030 

9*014 

10*222 

12-054 

*9 

0*149 

0*808 

2*108 

3*492 

5-44° 

7*980 

10*191 

11*583 

13-628 

21 

0*159 

0*901 

2*380 

3*977 


9*039 

11*506 

13*090 

15-3S3 

23 

0*171 

i*ooO 

2-O84 

4*523 

(1-979 

10*226 

12*974 

14*760 

17-338 

25 

0*184 

1*125 

3024 

5-135 

7-S92 

11-557 

14*613 

I0-6IO 

19-516 

27 

0*199 

I-25-8 

3*405 

5*822 

8-914 

13*050 

16*443 

1S.C59 

21-944 

29 

0*i 16 

1-408 

3*830 

6*594 

I0*0(i0 

14*723 

18*485 

20-929 

24-650 

31 

0*235 

1-557 

4*305 

7*459 

ii-.<45 

16*600 

20*765 

33-443 

27-666 

33 

•0*250 

I-7117 

4*838 

8*432 

12*785 

18*704 

23*311 

2(1-228 

31-025 

35 

0 

1 

6 ! 

• 

5-432 

9*524 

14*400 

21 *063 

26*152 

39-314 

34-770 


Detcrwiinations have also been made by 1 felmholtz.-Bronsted,'' 
Dietericiand Briggs.^' 

The results of Sorcl" and Knietsch' have been shown to 
be inaccurate by A. VV. Porter,’^ who has examined thg data 
criticall;? with the aid of thermodynamics. Tlje most reliable^ 
results arc those. of B. C. Burt,'-' who examined the vapour 
pressure of sulphuric acid .solutions for concentrations ranging 
between 24^2 and 95-94 •per cent. W.,S04, by means of a 
specially designed apparatus. , * 

From the table on pp. 24-25 itvill be observed that, until a 
high coijcentra?(on and temperature are reached (say above 
90 p8r cent, acid and 180°), the partial pressure of sulphuric 
acid is exUcfncly* slight, and hence the values of the total 

‘ Ann. a««/.^i845, 8, 179. “ ll’icd. Ann., 1886, p. 53?. 

’CV/rm., 1909, p. 693. * H’e/d. Ann.,lHi)i,p,(>o ; i897,p.6l6. 

‘ / Soc. C/tefn. IdS., 1903, p. 1275. “ Z. angew. Chan., 1889, p. 272. 

' Ber., 1901, p, 4m. • ’ Trans. Faraja^ Sac., 1918, is, part 3. 

* /. C/um. Sec., 1904, p. 1335 . 
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vapour pressures recorded are 9 ue, entirely to the partial 
pressure of aquQDUs vapour. • This, is of the utmost iraportanee, 
because it is a funoaqiental principle in the proce.ss of con¬ 
centration. When dilute .solutioiB of sulphuric acid. are 
evaporated, the vapour escaping consists entirely of steam, 
and no loss of acW occurs until a concentration of about 
144'Tw. (78-92 p?T cent. us reached. Up to this point, 

■•therefore, the proccss^is carj^ied out in open lead pans (see, 
p. 45), but, for higher concentrations, it is necessary to employ 
a closed system and to draw off the acid fumes evolved into 
a c(mdcnscr. Furthermore, it affords an explanation for the 
well-known fact that sulphuric acid begins to lose water at 
comparatively low temperatures—/.e,, below its boiling-point, 
as, for example, in the cascade .system of concentration, and 
akso for the principle long recogni.sed as sound in the working 
of Kc.ssler and Gaillard pl.mts—namely, that for large con¬ 
centrating power, very large volumes of moderately hot gas, 
rather than a high tcm[)erature, should be aimed at. 

According to Davis,' the temperatures at which sulphuric 
add .solutions lose water arc as follows :— 

Sulphuric acid of i5o"Tw. begins to lose water ai 106” C. 



»1 

140 



80 


}) 

130 


» 

<>5 


)» 

l2q 


n 

50 



no 


11 

46 


u 

100 


»» 

.17 


)1 

tp 


>1 

26 


• M 

80 


11 

19 



70 


V 

•7 


»> 

60 



16 


A critical compilation of viiiiour pressure data hits been made 
by R. Wilson for the purpo.se of humidity control in laboratory 
work, by means of sulphuric acid solutions. ^^Thc result's of 
various observers are compared with tin; calculatcSl values 
obtained by thermodynamical methods similar to those of 
Porter (see p. 29). A series of curves is givtjn by means of 
which it is possible to determine readily and accurately the 

relative vapour pressure of any sulphuric acief solution at any 

• • 

' H(tndbook of Chemical Engine,ering, 2, 234. 

* /. Inti. Eng, Chem., 1921, p 326. • 







24 


PROPEWriEg OF SULPHURIC ACID 


ToM Vapour_ Pressure of Sulphuric Acid 
ffiurt, J. Chetn. Sot., 
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2B 


Solutions in millimetres of Mfratry at*o° C. 
1904, p. 1339.) 


74 - 86 . 

77 - 26 . 

78 - 60 . 

• 

• 81 - 15 . 

. 

86-}i 

86-01. 

89 - 4 . 

HI - 01 . 

1 

06 * 04 . 

r 


::: 


t.. 






35 * 






::: 

... 



44-8 

37-7 







^ So-S 

50-1 

47-7 







99-5 

f> 9'3 

58-2 







I20'4 

85-5 

71-8 







140-9 

I05-I 

87-4 

52-8 






178-4 

127-7 

108-0 

65-3 

31-5 





321-0 

156-4 

133-2 

82-6 

39-6 



... • 


260-7 

i88-g 

i6j-7 

ior.7* 

SI -3 

37-7 





229-7 

196-3 

12-^-6 

63-4 


31-8 




773-9 

235-2 

150-4 

77-6 

57-7 

38-9 




320-6 

276-8 

180-9 

94-* 

71*2 

48-5 j 




387-1 

3 ? 9-8 

218-9 

115-0 

87-3 

59-4 1 




454-3 

385-7 


137-9 

105-6 

72*4 : 




525-7 

445-8 


164-2 

126-6 

S7-3 1 

45-5 



610-S 

520-2 


* 94 ’* ; 

150-4 

102-3 

55-6 



748-3 

(189-87) 

597-2 

• 

227-9 


120-5 1 

(tf -9 

• 



689-6 


260-5- 


145-2 

82>2 




756-8 

(198-35) 


527-4 


171-5 1 

0 

gS'i 






361-3 1 


20^-3 

115-9 * 

34-1 





424-6 i 


138-2 

48-8 





495-2 



163-2 

50-1 





577-8 

•••• 



6o>8 





670-3 



223-6 

72*2 




» 

752-9 

(228-55) 



263-5 

85-9 







• •• « 

«- 

t ...» 

106-0 
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temperature between o“, and ioo“. In oi'der to make possible 
the reproducflon of these ourv^s'on a laijge-scale plot, a series 
of points is presented bjpjow. 

< 

Besfi Values from Vapour i'ressure turves jor Sulphuric 
* Acill Solutions. 


RKI.ATIVIi V-AmiJR I'l!(SSiri<K ^I.Ul'S AT:— 


JUSO,. 

O’. 

25 ’. 

50 '. 

7 .V. 

I'nr 

t’nr oi-nt. 

I’cr ri'iit. 

I’or cent. 

I’lT Cl'llt. 

0 

100 

100 

100 

100 

5 

9-5-4 

.jS-s 

98-5 

<j 8-0 

10 

95-9 


96-3 

96-5 

15 

<j 2-4 

92-9 

93-4 

93-8 

20 

« 7 -.S 

88-5 

X9-3 

(p-o 

25 

Si -7 

82-1) 

84-0 

S5-0 

30 

73-8 

75-6 

77-2 

78-6 

.15 

(.4-0 

f)()-8 


70-8 

40 

54 --’ 

56-8 

59-3 

6 t-() 

45 

44-0 

46.H 

49-5 

52-0 

• 50 

33 -{> 


39-9 

.,2-.? 

55 

23-5 

26-8 

30-0 

33-0 

()0 

14-ri 

17-2 

20-0 

22-8 

*'5 . 

7-8 

9-8 

12-0 

14.2 

70 

3-9 

5-2 

6-7 

«-3 

75 

1-8 

2-3 

3-2 

4*4 

80 

• 

0-5 

0-8 

1-2 

1*8 


It will be noted that relative vapour pressures (per cent, of 
that o^purc water at the same temperature, thus ,corres[»onding 
to the relative humidity of the air) arc givcif rather than the 
absolute values fti millimeters. 

Specific Heat. —The specific heat of monohydrated sulphuric 
acid.at l6°to 20“ is 0-3315 (water = l).* yVccording to Marignac, 
the specific heats of sulphuric-acid^solutions arc as follows 

H.i.SOj + 5 II.jO 0-5764 

„ + 10 „ -- 0-7212 

„ -t 15 „ 0-7919 

„ * -I- 25 „ 0-8537 

„ + 50 „ == 0-91^5 

„ -f too „ ^ 0-9545 

„ + 200 „ -= 0-974^ 

„• + 400 „ .= 0-9878! 
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The following tabl^ by Bode * is mone convenient for practical 
use;— 


Specific Gravity. 

♦ 

Specific Heat. 

1 .» " " ■ 
j SiHiclfic Gravity. 

■■■* — . 

• 

apwlflc Heat. 

1-842 

, *0-3315 

• 

1 A 1 -020 

0 

0-67 • 

1-774 

^ 0-38 

1.263 

0-73 

1-711 

0-41 

I- 2 I 0 

0-78 

!-6 i5 

c»t 5 • 

1-1(12 

O-S2 

1-530 

0-49 


9.S7 

1-442 

0-55 

1-075 

0-90 

'-383 

0-()0 

1-057 

0-95 


Other detcnninntions have been made by Pickering^ and 
• Knietsch.* 



hlC. 2 .—Sjtecifif Heats of Sulphuric Acid (after ffodc^. 

The Thermal Properties of Sulphuric iJeld ai :;4 
Water Mixtures. 

When concentrated sulphuric acid* is diluted \^ith water, 
a considerable evolution of heat takes place, water being 
chemically fixed by the formation of definite hydrates. *At the 

» » 

* Z. angew. Chuif., 1889, p. 244. J. Chem. Sm-., 67, 90. _ 

^ Ber,, 1901, p. 4102* " 
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same time contractian in volume ocAirs, which must lead 
equally to an evolution of‘heat.' When (Concentrated acid is 
mixed with s»f 7 v, ex«fss1ve cold is iproduced by the heat 
becoming latent on the liquefaction of'the snow, which exceeds 
greatly, the heat set free by the chemical combination. This 
cold, however, is produced jnly when tl?e [proportion between 
acid and snow does not exceed certain limits: for one part of 
acid there mu.st be i| parts ofr snow [rresent; with less snow 
there is a 'ri.sc of temperature. Even when .sulphuric acid 
is diluted more strongly, much heat is liberated. Thomsen' 
states that i gram mol. (/.e. 98 g.) gives the following 

amounts of heat when combining with x mobs, of water:_ 


. 1 * 


I 

.6272 calories 

2 

. 9364 „ 

3 

. .1 108 „ 

5 

. '3082 

9 

. 14940 

'9 

. 16248 

49 

. 16676 

99 

. 16S50 „ 

190 

. 17056 „ 

499 

. <7304 „ 

799 

. '7632 „ 

1599 

. 17848 „ 


Thcsl- results agree well with the formul 


Thomsen for the heats of dilution of .s*ulphuric acid:_ 

17860 X.V 


proposed by 


If 


.v+ 1.798 


in which H' is the number of gram calories evolved when a- gram 
mols. of water arc" added to i gram mol. of pure sulphuric acid. 

According to Technical ^Records of Jixplosives Supply, No. 5, 
p. I at, for [fractical purposes it is more oonvenient to transform 
the above into an equation giving.the heat H", which is evolved 
whSn yg. of inater are added to too g. of II^SO^. From the 
aboije fdi-mula H' is the heat evolved by the addition of 18 ;ir g. 
of water to 98 g. of M.^SO,. 


Hence, 


n' = H' 

98 

.V = 98.V 
. 1800' 


andy = 


100 

98 


Sfn, 8, 496‘, Thtrmockemf Untersuch., 8, 34. 


or • 
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The equation for H" is therefore 


• * 

100 17860 xqSy 

jl» 98 1800 •• 

+ 1^798 


I78600V 
9,8)’+ 32^6 


calories. 


A more general ca.se is that in vvliich ,7 g. of water are added 
to 100 g. of an acid consisting of .r g. of water to (too—a') g. of 
H.iSOj. For the c.xact details the original paper must be 
consulted, but in the end the following formula is obtained;— 


H 


1000j (100 - .1)- 

(2.029.1 + ioo)(3.670.v + 5.487i+ 181.2) 


1000 j (100 .1 )“ 
(,) (2.029.V +100) 


where Q = (3.676.^ + 5.487*+ 181.2). 


If the reacting qualities are given in grams, II will be 
e.xprc.s.scd in gram calorics, whil.st if the reacting qualities *irc 
in lb., II will be in lb. Centigrade units (C.II.U.). . 

The most convenient type of graph for .solving the equation 
is the “alignment chart” .shown in Fig.s. 3 and 3rt. , 

The heat of dilution oLsuIphuric acid has been inve.stigated 
also by Pfaundlcr,' Bron.sted,“ and Kniet.sch.'' The results of 
these okservers have been examined critically by A. W. Porter* 
Jn a very valuabjp study of the thermal properties of mixtures 
of sulphuric acid and water. Previous data havjng been recorded 
in the neighbourhood of atmospheric temperature only, no 
allowance could be made for the j'nfluence of difference in 
temperature when the reactions took place at high temperafures 
(such as tho.se obtained during the concentration of sulphqric 
acid). By the aid of thermodynamical reasoniilfs, Poster has 
been able to supply the required informatioir, and at the iBrne 
time to check the trustworthiness of the rgsult.% of previous 
investigators. I wo different method^ have b«en*employed, 
and the agreement^ between them is within the limits of 

* AtK, 1871, p. 75 ; Ber., 1871, p. 240. 

* Z. physik. Chem., 1906, p. 664 ; 1911, p. 325. » ’ Bir., i^i, p. 4103. 
Trans. Faraday Soc., ^918, part 3, pp. 373-^9. 
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( 

accuracy atta^ablc in wjrks practice, "fhe following informa¬ 
tion ha.s been abstracted froVn his paper :—f. 

The heats oj dilutioij. of sulphuric aeid with various amounts 
of water (heats of solution) determinej by Thomsen (at 20° C.) 
arc somewhat lower tlian those 6 f Pfaundlcr and Eronsted 
(between iC'C. and i 6 'C.)fwho agree ver^v closely together, 
and arc to be preferred. The following arc the values of the 
heats (in kilo calorie.s) .set free ^vhen l*gram mol. of IT^SOi is 
diluted with' n mol. of H., 0 . 


;/ - 

- 0-5 

I 

1-5 

2 

4 

1599 

I’faundlcr . 

, 3.67 

6776 

8-68 

9.998 

12-858 

... 

ikonsted . 

■ 375 

6-71 

8-79 

10*02 

12-83 

19.04 

Mean . 

371 

6-74 

8-73 

10*01 

12-84 

19-04 


It is more convenient, however, to specify the heat set free 
when I mol. of SO., is diluted with water. These numbers can 
be obtained by combining the above numbers with Thomsen’s 
value for the heat of formation of 11,^804 from SO^ and 1I.,0— 
nani(;ly, 21-3 kilo calorics, The heat of dilution (II) of SO3 

with u inoLs. of 11.,0 is 

« 

n I , I'S 2 2'5 3 5 1600 

H . . 21-30 25-01 2S-04 30-03 31-31 33-14 40-34 

The:iP can be represented by a hyperbolic formula— 

II = 

>t -t- if 

These values of 11 can be reduced so as to speoify the 
heat set free when 1 g. of SO3 is diluted wiKi M g. of water.*' 
Exprc-ssing the heat in calories, the formula becomes:— 

//,. (heat of solution of SO.,) •= 5°4-^ 

. • .M-1-0.2013 

Frpm this formula can be calculated the true or differential 
heat of^dilutTl^i D; that is, the heat set free when a large 
amcEint of solution containing l g. SO3 to M g. lIjO is diluted 
with I g. H, 0 . Jt is given by the differential coefficient of 
A with regird <;o M. * 

[4 ^._ 

(M-1-0.2013F'* 

■Values calculated from the formulae, are tabulated in 
Table I. and are plotte^ on Fig. 4. 
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There is a marked tack of agreemei»t between the experi¬ 
mental and the gr.apHically srnoi»thctl values of I^nietsch, and 
the results cannot be regarded as reliable,. 

Latent Heat of EvapoAition .—The latent heat^of evaporation 
of the solvent of a solution* can Tje obtained by addiiig the 



Fig. 4.—Ileiils of Solution and Dilution of Diluted Suljihuric Acid. 

' A. Kpat of in CoH.U.’s for ainoiuit conlaining 1 Ib. fc)<.);|. 

B. Uoat of®ilulion per lb. wat'-r aiMc*!. 

C. Heat oflSohitloii in C.ll.U.’s for amount containint; 1 lb. wator. 

true or differential heat of dilution, D, to the latent heat of 
evaporation of the pure^ ^Ivcnt. 

h - L solvent + D. 

The values of D which are given arc for the neighbourhood 
of 15° C.; the value of L for water at I5°C is about J89 
calories per gram. Hence, the values of L at 1^° C. are :— 

Per cent. SO3 20 50 55 60 70 * 75 80 

L 595 • 659 687 724 844 945 'io8-8 

H ariation of Mean of Solution and Dilutjon zvith 'tempera¬ 
ture. —Both L water* and D. vary with temperature’ however. 
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What is the heat evolved ? 
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There is a marked tack of agreemei»t between the experi¬ 
mental and the gr.apHically srnoi»thctl values of I^nietsch, and 
the results cannot be regarded as reliable,. 

Latent Heat of EvapoAition .—The latent heat^of evaporation 
of the solvent of a solution* can Tje obtained by addii^ the 



Fig. 4.—Ileiils of Solution and Dilution of Diluted Suljihuric Acid. 

A. Kpat of in CoH.U.’s for ainoiuit conlaining 1 Ib. fc)<.);|. 

B. Uoat of®ilulion per lb. wat'-r aiMc*!. 

C. Heat oflSohitloii in C.ll.U.’s for amount containint; 1 lb. wator. 

true or differential heat of dilution, D, to the latent heat of 
evaporation of the pure^ ^Ivcnt. 

h - L solvent + D. 

The values of D which are given arc for the neighbourhood 
of 15° C.; the value of L for water at I 5 °C is about J89 
calories per gram. Hence, the values of L at 1^° C. are :— 

Per cent. SO3 20 50 55 60 70 * 75 80 

L 595 • 659 687 724 844 945 'io8-8 

H ariation of Mean of Solution and Dilutjon zvith 'tempera¬ 
ture .—Both L water* and D. vary with temperature,’ however. 




• 34 PEOPEftTIES OF SULPHURIC ACID 


Table 11. 

Heat of Solution af Various Temperatures. 


' ( 
For cent. bOjj. 


100’c. * 

• 

l&O’ c. 

200 *0. 

• 

JO 

480 

1 * 540 

* 575 

611 

5 ° 

420 

477 

•511 

544 

55 

405 

461 

495 

528 

6o 

3»7 

*442 • 

475 

508 

70 . 

343 

396 

427 

458 

75 - 

314 

3 f '5 

395 

426 

8o 

279 

328 

356 

385 

90 

179 

218 

241 

264 


Values of 


Table 111. 


Differential Heat of Dilution at Various Temperatures. 


For CBlll. W );!. 


loo'C. j 

l&O’C. 

200* 0. 

K 

20 

5-75 

5-97 

6-11 

6-25 

. 50 

70-1 

7.3-4 

75-4 

77-3 

55 

97-6 

102-4 

IOS ’3 

108-1 

60 ‘ 

135 

142 

146 

150-3 

70 

255 

271 ! 

280 

289 

75 

35 '' 

3 «o ; 

394 

408 

>''0 

499 

538 

560 

583 

(JO 

1040 

1166 

1240 

1314 


V^ilues of D(. 


All^ilata in Tables II. atkl III. arc in terms of calories and grams or ib. C.H.U. 
and lbs. 


Table IV. 


Latent Heat of Evaporation from Solution in Calories per 
' Gram of Water evaporated, or in lb. Cent.-deg. H.U. 
, per lb. of Water evaporated. 


^I'er cent. HO:j. 


• it'd" c. 

160 ’C. 

200* C. 

20 

595 ** 

545 

510 

467 

50 - • 

659 

()I2 

579 

538 

. 55 

687 

641 

609 

569 

60 

724 

681 

650 

61I 

1 % « 

844 

810 

784 

750 

75 

^945 

919 

898 

869 

80 , 

roS8 

( 

1077 

11064 

1044 
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Heat of Oonte-.Si-atlon of Aoi’d by Evaporation (as 
in li Qaillard ToT^er). ^ 

The heat required to cYncoiitrate sulphuric acid from any 
one strcngtli to any*otlu-r can he divided into thrj^e main 
headings;— * 

* • 

(1) The heat required to Overcome the chemical alTmity 
between sulphuric acid and water. 

(2) The heat required for the va|}orisation of the water to 
be driven off 

(3) The amount required as “sensible” heat— i.e. to rai.se 
the temperature of the mi.xture to the point at which water 
is evaporatr.'d. 

Porter has shown that data for the first two values can be 
obtained, as follows :— 

Taking as .standaial an amount of dilute acid conta'inng 
I g. SO3 and M, g. of water, the total heat rerjuired^to 
evapjoratc it at constant tenqjerature till it contains only g. 
of water, is given by :— 

Heat required =- //w, + I. water (M, - M^) - hm,. 

where /rw, repicscnts the heat required (theoretically) to dis¬ 
sociate, the acid completely into SO^ and H.^O, L(Mi —Mj), 
the heat rcipiire® to evaporate the given amount of wSter to 
leave g. in the finished acid, and hm.. jihe heat evolved 
when M2 g. of water are mixed (theoretically) with the SO3 
to yield the finished acid.* The value that the above;expression 
takes when M„ is zero,"is called by Porter “The heat of total 
evaporation.” If this quantity is plotted for different strengths, 
it is only necessary to take the difference of the lyimbers 
corresponding to the two strengths at the beginning “and 
end of the process, each at the temperature of evaporation, 
to obtain the heat of concentration required. A detailed set 
of values is given ,in Table V. headed “ Heat of Total 
Evaporation.” . , 

Sensible Heal. —During the evaporation process, changes of 
temperature take place, so'that a knowledge of the thermal 



36 


PROPElfriES OF SULPHURIC ACID 


' 4 'aijli 5 V. 


St^phuric' (\cid and Water Mixtures. 

tlKAT OF TorAi, Evaporation. 

(■ 


zm - 

"no c. 

•;o. 

Od. 

1 80 . 

u . 

j ino’. 

j 140 '. 

100“. 

1 ISO-. 

200'. 


‘J 40 \ 

40 

1337 

T 333 

1330 

1320 

1321 

1 

A315 

1307 

1300 

1288 

1273 

1257 

1239 

41 


1292 

1289 

1286 

1283 

1280 

1273 

1267 

1251 

1237 

1223 

1207 

42 

>-’55 

1254 

1252 

1250 

1247 

1244 

1238 

1233 

1219 

1207 

1194 

1180 

43 

1218 

1218 

1216 

1214 

1212 

1209 

1204 

1199 

1187 

1176 

1164 

1152 

44 

1184 

J1S4 

1182 

ii8J 

1179 

1177 

rJ 73 

1169 

1158 

1149 

1138 

1127 

45 

1151 

115^ 

nsi 

1150 

1148 

1146 

1143 

1140 

1131 

1124 

1112 

1102 

40 

] 121 

1122 

1122 

I121 

1120 

1119 

1117 

1114 

1107 

noo 

1087 

1077 

47 

I0')0 

1092 

1092 

J09: 

1092 

1091 

1090 

I0S8 

IOS3 

1076 

1063 

1053 

48 

1062 

1064 

1064 

1064 

1064 

io()4 

1064 

1062 

1058 

1052 

1040 

1030 

4 'J 

1035 

1037 

1039 

1039 

1039 

1040 

1040 

1038 

1034 

1029 

1019 

1009 

50 

1009 

1011 

1014 

1015 

1016 

1017 

1017 

1015 

101 I 

1006 

998 

988 

51 

984 

987 

990 

992 

993 

994 

994 

993 

9140 

986 

978 

968 

5 -’ 

9 t )0 

9 b 3 

90 (> 

9(18 

970 

971 

972 

971 

969 

965 

958 

949 

53 

93b 

939 

942 

945 

947 

949 

950 

949 

948 

945 

938 

930 

54 

912 

915 

918 

921 

924 

92(7 

92s 

928 

927 

925 

919 

912 

55 

888 

892 

89 (. 

«99 

902 

905 

907 

907 

907 

905 

901 

894 

5 f' 

866 

871 

«75 

879 

882 

SS 5 

887 

887 

888 

886 

884 

879 

57 

844 

849 

854 

859 

862 

865 

867 

869 

870 

868 

866 

860 

, 5 « 

823 

828 

«33 

838 

842 

845 

848 

850 

852 

« 5 I 

848 

844 

59 

.S02 

807 

812 

817 

821 

825 

829 

831 

834 

834 

831 

828 

bo 

781 

• 789 

791 

796 

800 

S05 

Sro 

^13 

816 

816 

815 

812 

()i 

761 

767 

77.’ 

777 

7S2 

787 

792 

79 '> 

799 

799 

799 

797 

6j 

742 

746 

753 

759 

7^5 

770 

774 

778 

782 

783 

784 

782 

f >3 ^ 

723 

729 

735 

74 ' 

747 

752 

757 

762 

766 

767 

7 b 9 

767 

f >4 

704 

7 ti 

717 

7->4 

730 

735 

740 

745 

750 

753 

755 

752 

(>5 

0«5 

692 

699 

706 

713 

719 

< 723 

729 

734 

73 « 

740 

738 

06 

<>67 

b 75 

(>82 

(.8'.) 

<>96 

702 

706 

712 

7 i« 

723 

725 

724 

67 

649 

657 

(.65 

672 

679 

085 

690 

(196 

702 

708 

710 

710 

08 

631 

<>39 

647 

655 

6t)2 

OOc) 

b 74 

680 

686 

692 

<494 

695 

69 ** 

614 

622 

630 

638 

b 45 

652 

657 

064 

670 

676 

678 

681 

70 

597 

603 

6 t 3 

621 

628 

635 

641 

648 

654 

660 

662 

666 

71 

580 

588, 

599 

<•04 

61 I 

618 

b2S 

632 

638 

644 

646 

651 

72 

563 

571 

579 

587 

594 

602 

609 

616 

622 

628 

b 3 l 

635 

73 

546 

554 

562 

570 

57 ''i 

585 

592 

599 

606 

612 

616 

619 

74 

5?9 

537 

545 

554 ‘ 

562 

569 

Sv’<> 

5«3 

590 

596 

601 

604 

15 

512 

5^0 

528 

537 

54b 

553 

5 <.* 0 ' 

5 b 7 

574 

580 

586 

589 

76 

495 

504 

51-’ 

521 

529 

537 

544 

551 

558 

5^4 

571 

574 

• 77 

47.8 

487 

496 

505 

513 


52s 

535 

542 

548 

555 

559 

78 

4 ?!^ 

471 

480 

488 

496 

504 

512 

519 

526 

532 

539 

544 

79 ’ 

444 

454 

494 

472 

480 

4S8 

496 

503 

510 

516 

523 

529 

<do 

428 

438 

‘447 

45 f> 

464 

472 

480 

487 

494 

500 

507 

514 


“I- 


To find lliv; hej\l required to evaporate mixture containing m lb. SO3 from any one 
percentage to any other, at constant temitcrature, subtract the data in this table which 
relate to these percentages and tcm[)erature and multiply by m. The result is expressed 
inlb.CIl.l,b’s. ^ 
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capacities of sulphuric acid soliitioiv! is nece.s.sary. These, 
multiplied into thcf.hangc of temperature, give the sensible 
heats required. A .set of values i> ( ilndated in Table VI. 
This fable is also of great ii.se foi ^ealcad.itfiig the amount 
of cooling water retjuired »to cool down acid of any given 
strength from one femperalure to another. Ihe.lieat of 
total evaporation^ plus the .sen.siblc heat, .give the total 
float retiuired in the, concentration process, with an un¬ 
certainty which is measured 1))’ the variatif^n in the amount 
of external work done, -and which depends upon the [trecisc 
method of evtiporation. It is interesting and advant.ageous 
that the heat of total (waporation varies comparatively little 
with tempertiturc. 


Iixiiiii/</i S <)////(' IJsi' of the '! oh/rs. 

(i) Conversion of a 55 per cent. .SO., .solution containing 
I g. SO,, at ux)' to 75 per emit. SO,, at 200 ’. 

(a) hirst suppose th.at the evaporation :it constant tempera¬ 

ture is succeeded by the temperature change. I'o evaporate 
this .solution at 55 per cent, to a solution at 75 per cent. .SO, 
at too' requires (sec T.ahle \'.) . 902 — 546 -- 356^calories. 

To rai.se 75 per cent, to 20cy’re<|uirc.s 101 — 51 == 5 ° ■> 

Total . . 406 „ 

• 

(b) Su])po.sc 4 hc temperature change to occur first ^ind to 

be succeeded by the evaporation. To rais<; original solution 
from 100" to 200" requires . 187— 9,3 - 94 calorie.s. 

To evaporate it at 200'’ rtijuires . 905 — 580 = J25 ., 

Total . .419 „ 

The difference between thc.ie two modas of evapoPatipn is 
due to the difference in external work done.^ Any other mode 
of evaporation which docs not bring tiie material to a higher 
intermediate temperature than 200° will require an intermediate 
amount of heat. 

Considering in the same way extreme cpncentratiAis, 53 per 
cent SO, (/>. 65 per cent.. I I,,SO^) and 77 7 per cent. SO, {i.e. 



Table 
Sulphuric Acid 
Sknsible Heat at 


ZS03. 

• 

• 

20'C. 

40 '. 

00 '. 

ic 

80 '. 

f- 

100'. 

c 

1-J0-. 

* 

r 

HO'.C 

ia>'. 

ISO’. 

200'. 


40 

3 ^ 

66 

98 

131 

164 

197 

230 

262 

295 

328 


4 ‘ 

32 

('3 

95 

126 

153 

lyo 

221 

253 

2S4 

316 


42 

30 

6I 

91 

122 

152 

182 

213 

243 

274 

304 


43 

29 

58 

KH 

117 

I,l(, 

175 

204 

234 

263 

292 


44 

28 

59 

84 

112 

140 

168 

iqt) 

224 

252 

280 


45 

27 

54 

81 

107 

134 

161 

188 

215 

243 

269 


46 

26 

52 

77 

103 

I2q 

155 

I81 

207 

233 

258 


47 

25 

50 

75 

99 

J24 

<49 

174 

199 

224 

249 


48 

24 

48 

72 

96 

120 

144 

168 

191 

216 

239 


49 

23 

46 

69 

92 

115 

133 

161 

184 

207 

230 


50 

22 

44 

(,(} 

«9 

I 1 

133 

>55 

177 

199 

222 


51 

2t 

43 

H 

■35 

107 

128 

149 

170 

192 

213 


54 

21 

41 

62 

82 

103 

124 

144 

i (.5 

>35 

206 


53 

20 

40 

60 

80 

100 

119 

139 

i 59 

179 

199 


54 •- 

19 

39 

58 

77 

96 

11() 

135 

>54 

173 

193 


55 

19 

37 

59 

75 

93 

112 

I3I 

149 

168 

187 



18 

36 

54 

72 

90 

los 

126 

144 

162 

181 


57 

17 


53 

70 

88 

105 

123 

140 

I 5 « 

175 


58 

17 

% 

51 

(.8 

86 

102 

I 19 

136 

>53 

170 


59 

16 

33 

49 

{'(> 

82 

99 

115 

132 

148 



60 

lO 

32 

48 

64 

80 

96 

112 

128 

144 

160 


61 

•■5 

31 

46 

63 

77 

93 

loS 

*24 

139 

15s 


62 

15 

30 

45 

(9O 

75 


105 

120 

135 

150 


63 

14 

29 

44 

53 

73 

% 

102 

116 

I3I 

MS 


64 

14 

28 

42 

59 

70 

<35 

99 

ti 3 

127 

141 


65 

14 

27 

41 

55 

68 

82 

9O 

109 

123 

137 


66 

'3 

27 

40 

53 

66 

80 

93 

106 

HQ * 

133 


67 

13 

26 

39 

51 

<>4 

77 

90 

<103 

n6 

129 


68 

12 

25 

37 

50 

62 

75 

87 

100 

112 

*25 


69 

12 

24 

36 

48 

60 

73 

35 

97 

109 

121 


70 

12 

23 

35 

47 

59 

70 

82 

94 

106 

117 


71 

11 

23 

34 

4 ^ 

57 

98 . 

80 

91 

102 

114 


72 

11 * 

22 

33 

44 

55 

6(7 

. 77 

88 

99 

110 


73 

11 

21 


43 

54 

64 

75 

86 

97 

107 


74 

10 

21 

31 

42 

■ S'*. 

62 

73 

83 

94 

104 


75 

10 ^ 

a. 20 

30 

41 

5 < 

61 

71 

81 

91 

lOI 


76 

10 

20 

29 

39 

49 

59 

69 

79 

89 

98 



9 

19 

• 29 

3 S 

48 

57 

67 

7 b 

86 

95 


78 

9 

18 

28 

37 

46 

59 

65 

74 

83 

93 


79 

9 

4 18 

. 27 

36 

45 

54 


72 

81 

90 


80 

9 . 

17 

26 

34 

44 

52 

61 

70 

79 

87 



To obtain the heat in lb. C.H.U.'s required to warm*a quantity of acid of given 
any other ten)iM;rat».ire, subtract the nunil'er which corresponds to the lower temperature 
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VI. 

and Wafer Mixtures. 
Constant Concentration. 



percenlage SO3 in which the total quantity of SO3 is m lb. from any temperature to 
from that which corresponds to the higher and multiply by m. 
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95 per cent *ncl extreme teruperatures 15° and 200“, 

we get:— 

^ F#f 1 g. H 0 ;(. From T*blo No. V. 

Evaporation at 15° C.‘ 935-465 = 470 calories. 

Sensible heat to raise 777 per cl-nt. SO;, from I5"C. to 

2 o 3 ;C .• . .V . . - 89 „ 

Total per gram SI I . . 559 „ 

«| 

For too g. 95 per cent. H.^SOj which«eontams«777 g. SO.„ 

the amohnt of heat is. 43 i 400 n 

For 1 j'. KO,{. From Tftblo No. VI. 

Sensible heat to raise 53 per cent. .SO;, from 15 'to 200’C . - 188 calories. 

Evaporation at 200" C . 945 “ 537 — 4“8 „ 

Total . . ^ „ 

For loo g. 95 per cent, ILSOj, total heat required . 46,300 „ 


If evaporation and ii.se of temperature proceed concomitantly, 
the heat required will be intermediate to these two values. 

The original paper contains detailed information of the 
mpthod of construction of a simple “alignment chart,’’ from 
which the vaUics can be read off readily. 

All the data arc given primarily in terms of grams and 
caloric^ but the same numbers also holil if the units are 
kilogram.s and kilo calorics, or po^mds and pound-degree C 
heat units, or tons and ton-degree C heat units. If pounds 
and Briti.sh Thermal Units (B.T.U.) are employed, the numbers 


require to be multiplied by 


9 

5 ' 


The. Preparation 6f Anhydro^is^ Sulphuric Acid 

(too per. cent. ILSOJ. 

For solTfc piirpo.scs sulphuric acid containing no water, or 
hardly* any, and corresponding as nearly as possible to the 
formula lUSp, (fii-dj per eent. SO3 and 18-37 per eent. HP) is 
required. •Such acid ih extremely u.scful in certain nitrating 
and sidphonating operations, connected with the manufacture 
of explosive^ and of dyes. Prior to the development of the 
contact system for,the production of ole#m on a large scale, 
several methods were employed for its preparation. 
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Mayers (B. P. of 1878) propssed to pass burner gas 
through sulphuric actci, so as to»dis'solve the SO3 in the latter, 
and bring up its strcng: 4 i. 

A new principle was‘proposed by [.ungc' (B. P. 96 of 1883), 
namely, to freeze out the* cr)’stals of anhydrous acid from 
concentrated oil of vitriol; the 3'Socess was carried wnt on a 
large scale for scvc*i'al years in Kngland (Widnes), France (Petit 
^uevilly), and Germany (Grieiiheiin), but fell into disuse with 
the introduction of cheap oleum by the contact pi'occss. The 
method adopted !))• Lunge is very fully described with drawings 
in the fourth edition ([ip. 1214-1217), which should be con¬ 
sulted for further information. 

Osterberger and Capellc ’ de.scribe the process as carried out 
at Petit Quevilly, Additional information is given by Morancc.® 

Duron (Fr. P.430145) enriches sulphuric acid by SO,, pro¬ 
duced by the. dis.sociation (.if a portion of tlie concentrated acid 
by means of heated air, the wa.ste heat of which is then utilised 
for the concentration of the dilute acid in a “concentrator” and 
“regenerator"; the air is finally deprived of the la.st traeJes of 
acid in a conden.ser. Dilute acid is supplied to the regenerator, 
where it is concentrated by the heated gas, and |j*irt of the acid 
is then u.sed in the lowest .stage of a “.separator” tower for 
absorbing water from the dissociated acid va])ours; tly; upper 
part of the tower being f(^l with <j6 to 98 per cent, sulphuric 
acid from the concentrator for the absorption of SO3 from 
the same vapours. The concentrator receives most of the 
. acid from the .regenerator (situated above it), and "is so 
arranged that the hc.ated air passes rapidly in a thin layer 
over the surface of the acid without giving ri.se to agitation of 
the liquids. 

The modern procc.ss'consists in absorbing sulphuric anhydride 
obtained by the contact process, in'highly concentrated sulphuric 
acid. * 

Weber* (U.S. P. 1233626 of 1917 ; 12913(56 of 1919) absBrbs 

« • 

' J. Soc, Chem. Ind. {Ab!itr.\ 1883, p. 414 ; B. P. 4430 of 1^87 ; /. Soc, 
Ckem, Ind. {Abstr\ 1888, p. 209. 

^ Bull. Soc . Ind. Roue^^ 1889, 17 , 307 ; / . Soc . Chem. Ind. {Abstr.\ 1890, 

390, 507. ^ 

’ Compies rend.y 1909, 148 , 842 ; J. Soc. Chem. Inil. {Absir.\ 1909, 28 , 520. 

* /. Soc. Chem. Ind. {Abftr.), it>!9, 88, 499. 
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sulphuric anhydride in cooled and stirred lo6 per cent, sulphuric 
acid, until at least 5 per cent«of the anhydride is absorbed; 
dilute sulphuric acid k then added, until the acid is of the 
desired strength—/.<?. pS'per cent. In "this way, the difficulties 
of absorbing sulphur trioxidi in weak acid are avoided, and 
iron vessels may be used without any danger of the acid acting 
on the metal. 


The Properties of Anhydrous Sulphuric Acid. 

The proper sulphuric hydrate, commonly known as mono- 
hydrated sulphuric aciti, has the rational formula— 


SO, 


/'Oil 

’\01I 


and can be considered as containing Si'63 per cent, sulphuric 
anhydride and 18-37 per cent, water. It is a limpid, colourless, 
oily liquid. Its specific gravity at o" is 1-853 i ‘it ■ 5 " (compared 
with water of 1-8384 (Lunge ;ind Nacf), 1-8378 (Schcrtel), 
1-8572 (Marigiiac, F. Kohlrau.sch, Mendclejcff).' The value is 
given as 1-83^7 by J. Domke, who has made a very elaborate 
investigation on the density of sulphuric acid on behalf of the 
NormaWichungs Kominission at Berlin.- The specific gravity 
changes to the extent of + 0-001 fiA- each degree Centigrade. 
The pure monohydrate .solidifies at about 0°, and forms large 
plate-shaped crystals which melt at + lo'-S ; they remain liquid 
a good deal below that temperature, but solidifj on agitation, or 
even better when « fragment of the solid hydrate is introduced. 
(The Chein. Fabrik Grie.shcim (D.R.P. 24402) make u.se of this 
property t» prepare pure monohydrafe)/ The acid begins to 
boil at 290“, but the boiling-point rises up to 338° (Marignac). 
This show^hat it docs not distil 'unchanged ; in fact a mixture 
of h^dimted acid, anhydride, an^ water passes over (see below). 
This di.ssociation fiegins much earlier; the pure monohydrate 
produces fuiflcs by giwng off SO,, very slightly even at the 
ordinary summer temperature, distinctly at 30° or 40°. 
Accordingly, it cannot be obtained by boiling down or 
• * 

I Ber., 1884, pp. i748)»2536, 2711. ^ anorg. Qhem., 1905, 48 ,125-181. 

’ Compare al^ Chem. AMrIicts, 1414, 8, 3540. 
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distilling dilute acid; feut it can be prepared adding an 
exactly sufficient quaUfity of Snljydride to the strongest acfd 
obtainable by concentration, or by cooling ordinary concentrated 
acid below o" and repeating this proce.'^.f of crysPalli.sation until 
the pure monohydrate is obt.uned. * ^ 

The vapour of sulptuiric acid*cqjisists for the most part, or 
even entirely (accortling to the temperature), not of molecules 
olkH.2S04 but of SO, and.l LO. ,The theoretical vapour density 
for H.,S04 (2 vols.) is 3 386, and for the completely dis.sociatcd 
molecules of SO, and H ,0 (4 vol.s.) 1-693. Ocvillc and Troost 
at 440° found the vajiour density to be 1-741 ■‘’O that dissociation 
is almost complete in the state of vapour.' 

Oddo and Anelli - found the vapour density of absolutely 
pure I LSOj rather higher than calculated from this formula, which 
proves th.at some molecules of (I I.,SOj)., arc pre.sent as well as 
II.,SO,, SO,, and II,,O. In .solution they assume the suljjhuric 
acid to be present always as the dimeric molecule (II.jSOJj. 
Further detailed inve.stigations on the properties of :ibsolutely 
pure II.,SO, have been made by Nichty," Ilantz.sch,' Annstrtmg 
and Worley.'' 

« 

Sulphuric Acid Monohydrate (II,SO,, II,, 0 ). 

Donk" has obtained crystalline sulphuric acid monol^drate 
H2SO4, H .,0 by mi.xing 40^parts of lead or barium sulphate 
with 60 parts 85 per cent, sulphuric acid, and .setting the 
mixture.away at o’ overnight. A [jortion of the cry.st^Iised 
ma.ss thus obtained is used then for .seeding or inoculating a 
new portion of-85 per cent, sulphuric acid, uhich has al.so been 
kept overnight at o’, when the acid crystallises rapidly. The 
crystals arc monoclinic. ,Clystallinc H*,SO., is obtained similarly 
by seeding 99 9 per cent, sulphuric acid with a portion of a 
solidified mixture of 60 g. 99^ per cent, sulphuric^icid, and 
40 g. of lead sulphate. Crystallijcd H.-SO^ i.s^ more diffisult^to 

' Dittmar, Cicin. News, 1869, p. 258. 

’ Gaza. Chim. Ital., 1911, p. 552 ; Chem. /.cil.' icjw, p. 846. 

’ Amer. Chem. Soc., 1908, pp. 1834-46. 

* Z.physik. Chem., 190/, pp. 257-312. 

" Roy. Soc. Proc., 191^, 90 A, 73 ; J. Soc. Chem. hid. fAtair.), 1914, 
p. 960. 

° Chem. Weekblad., 1913,4).956? Amer. Chem.'^oc.{Abstr), 1914,2, 1926. 
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obtain thaiijcrystallised HjSO,, H, 0 , afid' is not formed if the 
acid is weaker than 99-5 pfcr cent. * . 

Jorissen' states that he prcpares«crysfalliscd HjSO^, HjO 
(85 per cent.‘lI^SOJ'oy cooling 84b per cent, and 83.3 ||- 
cent, solutions in melting icd. Newly 100 per cent. H,2S04 
be made to cry.stalli.se by (pooling 200 c.c. fuming oil of vitriol 
(containing 7-5 per cent. SO,) mixed with* 50 c.c. 93 per cent, 
sulphuric acid in ice. 

■' (.'/ii’m. WcekUaii., 1913, p. 962 ; Amcr, Abstr., p. 3540. 
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CONCI'NTRATION IN llEATlin PANS OR RETORTS 

Lead Pans Heated l^om above. 

This is the appropriate mofic of firing when the purity, and 
especially the appearance, of the acid arc of less moment than 
saving fuel and the accomplishment of a large amount of 
work. The acid in this case is, of course, contaminated by the 
flue dust, and is always more or le.ss stained by sooty matter, 
whence its English name “ brown vitriol,” has arisen. These 
contaminations arc quite harmless when it is userl for decompos¬ 
ing salt, for .superphosphate manufacture, and for many other 
purpo.ses. On the other hand, the rate of evaporation in top- 
heated pans is very quick, because, first, the hot g^s is brought 
into intimate contact with the acid, and can thus communicate 
its heat much better than when the two are separated by 
metallic plates, etc.; scconily, the vapours formed thereby are 
removed at once by the draught, which, as is well known from 
experience, very much assists the evaporation. Moreover, fired 
from the top, the* pans, if properly constructed, are muc^ less 
acted upon than when fired from below ; the. risk that, owing 
to the w'orkmen’s carelessness, they may be burned through, 
is especially diminished. , 

Concerning the lo.ss of acid in this style of evaporafion, 
no experiments have been published ; probably it is ^omewhat 
larger than with pans heated from below, as the stream»of fire 
gases, acting upon the boiling aciS, carries sonfe of it away inThe 
so-called “ vesicular ” form— i.e., as a mist of mmute^iquid drops, 
which is much more difficult to condense than the vapbur form. 
Over-heat pans ar^u.sed extensively for several purposes:— 
(i) For the concentration of weak chamber ^id after 
dearsenication (see ^ol. 11.) to bring it up t(f a strength suitable 
for sale as “ brown oil of vitriol.” 


a 
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, (2) For •strengtherfing the firculatitjg acid of a chamber 
plant for use on the Gay Lifssac towers, wliere for any reason 
the Glover tqjvers ai*c^ not sufficiently hot to do the whole of 
the work rc(|uired. 

(3J For the re-concentratipn oT the ^icid obtained in Hasen- 
clcver'* modification of tliif Deacon process for making chlorine 
(B. P. 3393 of 1883). lie used over-heat pans when he introduced 
this prcjcess, and since that <:imc tRcy have been associated 
with his name, although they were described by Lunge in the 
first edition of this work in 1879. In this process the gas from 
the saltcake pots alone is fit to use directly in the decomposers. 
The acid evolved from the roasters is condensed in water in 
the usual way, and then regasified by running it into jars, 
through which hot vitriol circulates at about 144” to 145° Tw.— 
air being blown in at the .same time. In this way the hydro¬ 
chloric acid is evolved in a gaseous form of a strength and 
purity suitable for the Deacon process, whilst the water in 
which it was condcn.sed previously is retained in the .sulphuric 
acid, and has to be removed by taking the acid, which leaves 
the jars at about I20‘''rw., and rcconccntrating in an over¬ 
heat pan. * 

Pans hcatcfl from above have been dccscribcd by Godin' 
and hungc," and many modifications have been used, but 
in any case the lead must be pwrtected from direct contact 
with the fire, or at least the pan must be cooled in such a 
manner that the lead cannot melt. The best way pf doing 
this Ts to keep the pan always filled to thc*same level, nearly 
to its top, leaving only a sufficient margin to prevent any from 
boiling over. In ordinary work the acid is never drawn off, 
except fc^r repairs; but* the conccirtrated acid is heavier and 
sinks down; it is continually drawn off from the bottom, and 
fresh aej^ is run constantly in at the top, as long as the 
conccBtrating process goes on. Even then the empty portion 
af’the pan must* be protected, especially at the fire-bridge. A 
detailed dtscription,^ wdth drawings of the pans formerly 
employed, is given in the fourth edition of this work (pp. 1082- 
1086J; but this has been omitted from, the present edition, as 
these pajis have been superseded by more^ modern plants. 

The author is hidebted to the courtesy of the United Alkali 

* • • 

* Annaks des Mines, 1845, p. 344. * Dingh polyl. 1871, pp. 201, 352. 
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Company, Ltd., Live'ri*)ol, for a description of a modern over¬ 
heat pan. . * , • 

As shown in Fjg. 5* the modern p?ji is built on a much 
larger scale than formeily, and mea.sufes 50 ft. long by 10 ft. 
wide by 2 ft. 2 in. deep in.side (^Ifcad measure); the lead used 
weighs 20 lb. to the s(juare foot. 11'hc Icadwork is protected 
inside with walls 0^9 in. brickwork, with the exception of 12 ft. 
fft)m the furnace end, ivhere, ,rjn account of the extra heat, 
the lining is 14 in. brickwork, with a half-inch ctivjty lined 
with a packing of oakum, red lead, and boiled linseed oil well 
mixed together. The bottom is protected with a 3-in. layer of 
loose brick.s. The depth of brickwork from the crown of the 
arch is 4 ft. 9 in. at the furnace end, and tapers down for the 
first 13 ft. to 2 ft. 11 in , at which depth it continues to the smoke 
outlet. The arch is 9 in. thick, with 9 in. camber. Metalline 
bricks arc used throughout, and all brickwork is .set with sulphate 
of lead and boiled oil. In this way the repair costs have been 
reduced appreciably. There arc four cleaning holes on the top 
of the arch, i.S in. diameter, with loo.se circular covers. 'The 
leadwork is carried on small .steel girders, 4 in. by 2 in. ,in 
section, and about 3-in. centres resting on three larger l2-in. by 
6-in. girders elevated upon eight columns to the height retjuired 
for the flow of liquor. The sides arc supported with c^st-iron 
interchangeable grid.s, 5 ft.^ by I ft. 10 in. by i,l in.; and any 
grid can be released for re[)airs to Icadwork. The buck stays, 
which arc 3! in. by 2i in., are carried sufficiently high over the 
arch of the pan^ and below the main girders, and connected 
together across the pan with 1 j-in. wrought-iron tie-rod.s. On 
each side of the buck stays are jjieccs of iron', 2| in. by ij in. 
secured with bolts, which hold the interchangeable grids in 
position. 

The fire-stack is built 3 ft, clear from the end of the pan, 
and is built of 18 in. brickwork, the inner 9 in. lifnng‘'being 
fire-brick. The furnace is 5 ft. by 3 ft. 3 in. inside; and there 
are two separate furnace doors for firing purposes. The smoke¬ 
stack outlet at the opposite end is 18 in. square inside brickwork. 
Double fires are an advantage, as they allow alternate working, 
so that one fire can be cleaned or charged when the other is 
burning brightly; thus consuming the smoke and reducing 
contamination and disfoloration of the acid in the pan. In 
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Practice a fresh supply ®f fuel is added •every one ^and a half 
io two hours, on altcrifate fires, a'’d clinkering is done every' 
leight to twelve hours, ascording to the (pialitj of the fuel. 
It is absolutely necessary for the gas eSit stack to be kept 
clean, as, otherwise, the furnace ai.d neck to the pan suffer 
considerably. * a , 

The weak vilriol»is fed into the pan at the cool end, and 
passes out at the end pparest ^hc furnace—the pipes being 
[luted below the acid level. When concentrating clean.acid a 
[pan runs for two to three years without cleaning; the nece.ssity, 
for which is .shown by the .SO., test in the e.xit gases, rising 



Img. 0. 

from the normal l to 1-5 gr. per cubic foot when the pan 
is cleaned, to well over 4 gr. per cubic foot when’dirty. 

The pan constructed in Figs. 5 and C is capable of 
producing at Ica.st 250 t«n.s of i40'’Tw. acid per week fron^ a 
feed of 105" Tw., and the water evaporated is about lb. 
for each lb. of fuel used. The loss in evaporation is-tsrtJout 
2 i per cent. u . • 

I'-ffbrts have been made to increase the efficiency of over¬ 
heat pans, by introducing two or three ‘baffles built up to 
the arch, as shown in Fig. 7. These lead to a considerable 
improvement in efficiency; for example, during a measured 
run over four and a half months, the water yvaporatcc> per lb. 
of fuel averaged v/b ib- Such baffles arc,, however, a*nuisance 
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on account of the accumulation of tl«sf from the fire, which 
blocks up the passages—the j)lockage befiig^diWcuIt to remove. 

According to the 49 ^/^ Alkali Inspector’s Report for igi 2 , 
p. 6 ;, some trouble has been expet/enced in the working of 
these plants, due mainly tp the,.simultnncous firing of several • 
pans,.which results in all(th*e files becoming hot together, and 
necessitates clinkcring the fires at the same time. 

The difference in total acjclity lij the chimney at different 
times is due to .some c.\tcnt to the sulphur in the coal, which 



comes off largely in the fir.st fifteen to twenty minutes after 
■stoking, e.spccially with some of the lower grade .slack. The 
difficulty* is overcome readily by working each plant by a 
time-table. One fault appears to be in the construction of 

the h.ces to the.se pans, as the fire area is considerable, and 

tl,iis 'enables the men to place a large amount of coal on the 
fire at one time, with the result that the fire is for a time 
more ot; le.ss “dark,” and later on too hot, causing the acid 
to distil after becoming concentrated. If the coal were 
supplied oftener, and in smaller quantities, a more steady 
heat would resuh, and better work, vith less loss of acid, 
would e.xist. 
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According to the 30//1 Alkali Inspcctof^s Rip^rt of 191J, 
considerable improverSent has byen* noticed in the working 
of these plants, due, to more careful firing and regulation of 
temperature, and the use of timc-ttibles for firing and 
• clinkcring. • 

According to thc*52«i/ Alkali Inspectors Report for 
1915, p, 73, contiiAicd improvement has been made with 
Hfesenclever pans, by thc^use of ^loublc fires and smidler doors. 
The escape from six or eight such pans, all working, to one 
chimney, is generally about i gr., or even less. 

Clough (U.S. P. 15222 of 1856) propo.scs an over-heat pan 
for concentrating the acid up to 170° Tw. 

Grossc-Lcgge' (Ger. P. 176370) introduces a current of 
hot gas tangentially to the inner side of a round evaporating 
dish, close to the surface of the acid, so that the gases take 
a spiral circuit above the acid, and escape ultimately through 
an exit pipe in the centre of the arch. A .series of di.shes 
may be employed and the hot air, charged with vapours, 
is carried off from each single dish, without getting in contact 
with frc.sh vapours within the apparatus, either in the opqp 
air or into a s[)ccial flue. . 

Bernutaf- (Ger. P. 2S1133 of 1914; B. P. 13642 of 1914) 
pas.scs the acid to be concentrated through a numl^r of 
compartments, connected with one another, through which 
hot gases arc convejxd in counter-current. 

Over-heat pans have also been described by Girod ’ 
(B. P. f7i58 of J911) and by Brunicr ‘ (Ger. P. 2<S37f/D of 

1913)- 

Pipercaut and I lelbronner'' try to avoid tlic heavy lo.s.ses 
due to SO3 mist, by pa-ising the acid in a shallow .stream 
through a scries of twelve vessels of .special design in tl^e 
same direction as the flue gases. Tlach vessel is in the form 
of a rectangular box, l metre long by 1-5 metres wine r^ 0 5 
metre high, provided with a ciixular inlet <tnd outlet—the 
latter a lower level than the former, and kcycij together. 
Sodium silicate is u.scd to make the joints'tight, and the whole 

' Z. angew. Chsm. (Abstr.), 1907, 20, 893. 

’ J. Soc. Chem. Ind., 1915, p. 611. ’ Ibid,, i9i2iiSl,,335. 

* Z. angrw. Chem., 1915, 28, 296. 

‘ Monit. Scient, 1917, ai,;6s-69i J. Soc. Chem. Ind. {Abstr.), 1918, p. 6, 
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is covered^ with sheet lead, lO mm. ’ thick. The acid is 
ihtroduced in tlic first \tsss 1 ty a pipe ip the side. Every 
alternate vc.sscl is [)iejvidcd with a pipe,, through which any 
desired [rropor^ion of vapour can be ltd away for condensation. 
Gas at 1200' C. can be cmiJoyed.directly on acid of ll6°Tw., 
and tf\p proportions slu)iil4 l*e adjustcif so that (n) the concen¬ 
trated acid is mjt heated alxcce 300’ C., a? which temperature 
anhydride formation begins; the eposes leaving the .systdVn 
are .still, ctnisiderably below the point of .saturation with water 
vapour. The adviintages claimed arc economy t)f fuel, low 
acidity of the condeii.sed vapour.s, reduced atmospheric pollution, 
and smaller wear and tear on the plant. 

Lead Pans Heated from Below. 

These pans are made of much smaller siire than tho.se with 
top-heat; the essential reason of this is the different wear and 
tetir which they suffer according to whether they arc more or 
Ics? exposed to the fire; moreover, the concentration in this 
cgse is vei')’ regular, the pans bimig arranged usually in sets, 
so that the Aveak aci<l Hows in at one end and runs over from 
one pan to another, until sufficiently .strong to be run off at 
the ofher end of tin: set. In England long pans made in one 
piece are preferred, and the first,.portion, nearc.st the fire, is 
protected by an arch, and the larger part of the pan-bottom 
behind this b)- fire-clay slabs or metal plate.s. .Such a pan is 
dc.sClibcd fully in the .second edition, pp. (^'>4 and 665. The 
metal plate.s arc covered .sometimes by a thin layer of sand, 
in order to communicate the heat evenly to the pan ; but this 
greatly hinders the transmission of.hcat. The pan is stiffened 
ipside bj- iron star’s covered with leair; and it is covered by an 
arch to carrv’ off the vapoiirs .hito the open air or into the 
champers - the latter rarely. 

» On the Continent small ‘pans arc generally used, of 5 to 
7 ft. Icngtb and width, and from 12 to 16 in. depth, of which 
from four to six form a .set. They arc made of 15 to 18 lb. 
lead,* mostly b)' bending up the sides ,and folding over (not 
cutting ou() the corner.s. Sometime.s such pans, instead of 
being inadc of slvtet-Icad burned togeth'er, arc cast about J in. 
thick, lliey arc in' that case expo.sed to the fire directly, 
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without interposing irdh platej. This plan, however, is not to 
be recommended. Such cast-lead pan.s, being much thicker, 
are dearer than those m«dc of sheet-lead; and^they are much 
more liable to have unsound places,* which arc very soon 
eaten through. They^ are ^jften set in steps about al in. 
lower than the preceding one; in dither cases, howe\xu, they 
are placed with tBcir bottoms at the same level, but arc 
of different depths—the«pan wVicli received the wcakc.st acid 
being the deepest (l6 in.), and each following one a little le.ss, 
the last pan (for .strong acid) being 12 in. deep. In this way 
the acid can flow from one end of the set to the other. At 
the Okcr Works a long pan divided into seven compartments 
of equal height and level is u.sed; the fire-grate is in the 
centre of one side; and the flame first pas.scs in the centre 
to the back, and then returns at both sides in front of 
the pan. 

The acid is .sometimes carried over from one pan to the 
next bj' continuously acting cup-siphons. Hut as such siphons 
frequently cca.se to act In consequence of air getting in, owing 
to the slow current and the sm.dl difference of level, an ovw- 
flow-pipe should always lie provided to prevent khe ]);in.s from 
running over. It is even preferable to replace the siphons 
altogether by overflow-pi])es, which take the acid fn^n the 
bottom of one pan, and al^ow it to run on to the top of the 
next one ; hut this arrangement requires very good plumbing 
work to last without continual repairs. The chamber acid is 
con.stanfly runniiig into the first pan in a regulated stftam ; 
and the .strong acid runs off from the last ^lan without any 
check—the supply being .so regulated that the proper .strength 
is obtained. ^ 

The pan-bottoms arfl always stayed and protected from'tjie 
direct action of the fire by cast-ir'on plates, which are thicker 
at the fire end than further off—.say, decrc'asing from 2 in, down 
to } in. Frequently, the first pan, below wdiieh the fireplace 
itself is built, is protected by an tirch. • 

MacDougall ’ (H. H. 21778 of 1895) employs jicrfomted cast- 
iron plates for .supporting the bottom, preferably in the shape 
of a grid with longitudinal and transverse rills, Icavijig diamond¬ 
shaped holes. This plan, according to th* Alkali Inspector's 
■ y. tioc, Oitem. tnd. {Alstr,), 1^95, 14 , 158. 



64 CONCENTRATION * HEATED PANS 

Report, No, 31, p. 54, prevcijts locSl^ overheating of the 
pan-bottoms, which rcadilj' accurs with solid cast-iron plates, 
and the pan^ do n»t show any backlifig, even after pro¬ 
longed use. 

Cariilla ’ interposes a copyer-jAite in. thick, between the 
lead aad the ordinary i-iit, cast-iron plate, which, owing to its 
good conduction of heat, very efficiently l)rcvcnts local over¬ 
heating of the lead, without i4itcrferi«g with the transmi.ssiSn 
of heat.. * 

Oiiinions differ a.s to the way in which the firing of the 
pans .should be arranged. l''ornicrly, the usual arrangement 
was that of putting the fireplace under the strong pan, and 
allowing the fire to travel towards the weak pan, which re¬ 
ceives it last of all. In this way the greatest heat exists 
where it is mo.st recpiired, since the concentration of the 
.strong acid is more difficult, and its boiling-point higher, 
and since the cooled fire-gases .serve to heat up the cold 
acid. When the pans arc .set terrace fashion, the fire takes 
its ‘most natural direction, viz., upward.s. Practice, however, 
favours the opi)ositc plan, namely, arranging the fireplace 
under the weak pan, so that the strong pan is furthe.st 
from the fire. In this case the strong p.an, which is 
other\\ise wont out very <|uickl)', suffers hardly more than 
the others, and the cv.aporation stijl goes on at a .satisfactory 
rate, although there may be a little more fuel used than 
with the other arrangement, whicli is more rational as an 
evaporating plant, but less adapted to tho .special needs in 
this case. 

Bode gives the temperatures and strengths of the acid 
during concentration in <i)ans in which the acid and fire-gases 
trjvtlled in opposite directions. Set of four pans:— 


t 





Actil iUniniitg in. ** 

1st ran. 

‘.Jinl Pan. 

3rii I'aii. 

4tb Pan. 

Temperatif.'c 

52° 

7 ,s“ 

120'' 

138° c. 

Strength 106'’ . 




144° Tw- 




‘ /. Soc. Chem. Jn/T., iRgji'p. 15. 
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Bode cites also the temperature and. strength the acid 
j'n a set of six pans, where the fire travelled in the same 
direction as the acid ^— 


Acid Kuimliig in. 

1st Pan. 

• 

Sii'l P411. 

3rii Pan. 

4 th Pan. 

filli Pan. 

Ot)i Pan. 

(l) Tcmj)€raturc 2 ^" . 

• 12'' 

ISO" 

1 (io'" 

14s" 

145^ 

143” c. 

^ Strength no'' 

115 

120 

► 

12S 

• 

t.U 

140 

144 1 vv. 

(2) Temperature 24“ . 

no 

M5 

150 

145 

142 

142" C. 

Strength 110° 

113 

118 


154 

J40 

144" Tw. 


Here the hottest fire is the third; so that the heat of the 
fire-gases is utilised inefficiently. According to his experience 
this set required more than 20 parts of coal to produce 100 parts 
of acid of 144'Tw.; whilst in the .set illustrated below, Figs. 8 
to 11, where the fire-gases meet the acid, only 15 to lO parts 
of coal were used (on the average of several years). For each 
ton of strong acid in twenty-four hours, about 20 superficial feet 
of pan-bottom may be reckoned; tire whole set, therefere, 
furnishes 6f tons every twenty-four hours. 

Figs. 8 to II represent the set of [lans designed and 
constructed by Ikxic, where the fireplace is outside in order 
to save the first pan. From this, by means of a pan area of 
118 superficial feet and a fire-grate of 61 superficial feet, ^ tons 
of strong acid could be prodticed every twenty-four hours, with 
a consumption of 12 to 14 per cent, of coal. According to 
HasencUver, it is^wcll to regulate the working of the paitf by 
thermometers, in order to avoid any risk of damaging them. 

According to Scheurcr-Ke.stner,' four iian.s" 6 ft. 61 in. by 
3 ft. Il in. each, permit th&^concentration from 109' to 152' Tw. 
of sufficient acid to produce 3 tons of concentrated ifcid diyly, 
with a consumption of no more than half a ton of coal. * 
Jungc- describes the bottom-fired jjans as u.scd at F. ^i'aerg. 
They are about 6 ft. 6 in. long by 3 ft. 3 in. wic|p, and 8 in.Meep. 
They are supported by J in. cast-iron plates, and arranged in 
tiers, the fireplace being underneath the strong bottom,pan, and 
the acid running in at the top pan. These pans furnish a 
uniformly strong acid,*and consume only two-thirds as much 

’ Wurfs. Diction, de Chim., 3 , 159. 

* Jahresber. Berg u. Hutten. Saeftsen., 1892 ; /..^angev). Chemi, 1893, p. 61, 
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fuel as the steam ^ns. They suflfer, howev r, from the 
disadvantage that the first strong piin is quickly worn out. 

Wolters* (H. P. of 189,1; Ger. P. 73^89) carries the 

evaporation in lead ve.s.sels beyond thetisual extent, preventing 
the action of the acid tht lead by saturating the acid with 
lead sulphate. An cxce.ss of this as ])iit in acid, and kept in 
su.spension by inethanical stirring. Most of the di.ssolvcd 
l?ad .sulphate crystalli.sc» out 01* cooling, and can be u.scd over 
again. 

The Zeitzer I'.iscngies.serei - (Ger. P. 99768) employs a 
cylinder of antimony lead heated inside by firc-ga.scs, and 
fitted on the outside with a number of antimony lead dishes, 
arranged so that the aeiil overllows from each di.sh to the 
lower one. 

Lead Pans Fired by Waste Heat. 

Lead pans heated from below are now .seldom built as a 
scjiarate unit, but as a means of utilising the waste heat 
from other types of concentrators—such as the ca.scade system 
(.see p. Ill) they have found very extensive use. The patis 
arc built usu.ally on the flue behind the main ca.scade concentrat¬ 
ing plant, in order to make use of the heat of the fire- 
gases pa.ssiug awa\' to the chimney, which would otfeerwise 
be lost. ^ 

Pig. 65 on p, l,pt shows the arrangement in general u.sc. 

.‘\bout 25 S(|. ft. of heating surface is required per ton of 
140° T\v. acifl jiryduced, Hy this method weak acid c:fn be 
concentrated up to 140' to 144' Tw, in an efficient anil economical 
manner. It is claimed that an increa.se in production of 40 to 
50 per cent, can be obtaiTjed In’ fecdi.ig ca.scade ba.'jin concen¬ 
trators with hot acid*of 140 I'w. as compared with ‘cttld 
110° Tw. acid. , 

Lead pans arc al.so used to utili.se the waste heat of pyrites 
or sulphur burners for the concentration tif chamber acid; 
but this practice is gradually dying out, as m*re efficient 
results are obtained by utilising the heat in the GloVer tower. 
As the practice is .stijl in u.sc (May 1921) in a few work.s, a 

description is included in this edition. The pans, are not set 

* 

' ./• /m/. (ylh/r.), 1894, A, 887. 

I^ischer's fahreslfcr., 1898, p. 3^8. 
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directly ovc« the burrfiiig pyrites, nof ^ven with merely a 
metal plate between, but 5 re»separatc(l by .a brick arch. In 
mo.st casc.s a gjs flue "is [ilaccd immediately over the burners, 
serving at the same tfme as a du.st*chamber, on the top of 
which ^the acid pans arc placed* Sojietimes, from fear of 
leakage* from the pans intS the burners, they are not placed 
over these, but upon a continuation of the ga^ flue. Hascnclcver 
even advises building a seco»d gas rfue to be used durirfg 
the time- when the pans have to be repaired. The heat of 
the kiln gas in this case is not turned to account so well as if 
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the pans stood f|,irectly upon the burners; and the latter plan 
can be eniplo)-cd all the more safely, if the danger of leakage 
into the buiiiers is avoided, by providing the metal plates 
om which the pans rest, with a flange all round and an 
overtoil for any acid collecting, in it, like those used in nitre 
oven.s.* Leakages occur also less easily where the pans are 
very shallow, so that the dcptli of acid is only a few inches. 
On the other hand, it Jias been noticed that sometimes, especially 
in jthc case of poorer ores, the pans on the burners abstract 
too rhuch heat from these to be conducive to good burning. 
For this {caton they have been abolished at the Oker Works. 

The diagrams,* Figs. 12 to 18, represent pans designed 
by Bode, together wjh the pyrites kKns used by him. The 
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apparatus sthown here* belongs .to a se't ^of chambers of 40,000 
cub. ft. capacity; and each ‘burner receives daily 16 cwt. of 
pyrites contajning 42 per cent, of'"sulphur. The grate of 
each burner has a sifrfacc of 34-4 sq. ft.; the grate bars are 



16. 



Tig. 17. 

c 


elliptical, j ill. by it in., each of them movable; the arch 
is 4 ft.‘4 in. above the grate, with a spring of 7 in. The 
diagrams show how each burner c.m,, be cut off separately. 
The pans jire 6 ft. 3 in. by 4 ft. 2 in. bj’ 1 ft. 2 in. ; made of 
sheet-le.y weighing Sh lb. per superficial foot. They supply 
daily, whtn il tons'of pyrites is buhiied, altogether 2i tons 
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of 144°Tw. acid (/.c. ^ <on in ^excess of«thc chami)er make); 
but, as it is necessary to evapojate 15 to 18 cwt. daily fot 
the Gay-Lussac tower, Uic excess causes no inconvenience. 
Each j’ear three new prflis used to b(» put in, a pan never 
being left until actually burned thj’ougli, but replaced as soon 
as the lead had become thin—a |llan to be rccoinni(?ndcd 
thoroughl)' in all cases. The renewal only refers to the strong 
acW pans; tho.se for weal^ acid iy;c hardi)’ injured at all. The 
former arc therefore much belter made; of thicker Ibad —say. 



Fkc jS. 


30 lb. to the superficial fool, in wliich case they last for about 
two years. 

Rode* gives tly temperatures and .strengths for a .set of 
three pans heated by pyrites burners:— 


Ari-1 rntiiiiitg in (IkmI.* • 
jimvioUHly). ^ 

1 

' Isl. I'aii. * 

•Jini Pnii. 

■ 

:>r't C^^i. 

TcmiferAiure ^d' 

■ ^ 

1’.S' 

147 c. 

.. 57 " . 


10'- 

125" c. 

Strength 106“ 

• 1 # ••• 


144" 'III'. 


In the ca.se of brimstone burners, it is equally ■po.ssible 
to employ their heat for concentrating chamber acid. In«tfiis 
case the burners arc not covered with an arch, bu^ with i-in. 
cast-iron plates; anfl the shallow-lead fans are* placed 
immediately above tlicst. 
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Zanner^ (B. I’. ^379 of i<^2 ; UcS. Ps. 693635 of 1902; 
768108 of 1904) employs c^st-iron pans lined with acid-proof 
slabs set in asbestos cement, in tha flues leading- gases from 
the pyrites kifns, the temperature of which is about 400° C. 

According to information supplied by the inventor (1902) 
a sef.of two pans, 1900« 400 mm.,*s capable of supplying 
4 tons of acid of 168'’Tw. per twenty-four hours from a mixture 
of 80 per cent. Glover tower jcid an^ 20 per cent, of chamber 
acid. The acid obtained is clear, but .slightly yellow, and 
the only expense is the cost of renewing the pan.s. 

Figs. 19 to 21 .show this apparatu.s. 

In the flue ((/), on iron bearers (c and /'), rest the cast-iron 
pan.s (a), lined with stoneware plates (c), cemented with a.sbestos 
and silicate of soda. The size of the plates is chosen in such 
a manner that the joints arc covered by the upright stone 
plates (4-), which hold down the bottom plates in their places, 
and which cause the acid to run in a zigzag stream by the 
openings (/ t) — cf. .sectional plan, Fig. 21. The corners are 
■setured by stones (//), .so that no primary joints are exposed 
to the acid. The pan.s, covered by jilates (0), with holes («), 
arc protectejd against flue-dust by c.aps (///). Where acid of 
96 to 97 per cent, is to be m.'ide, several pans are combined; the 
first of which has no stoneware lining on its bottom. The acid 
is fed by the porcelain-lined iron tube (//), and it leaves by 
the cast-iron lip (X-), lined with 'stoneware, pa.ssing through 
the brickwork (/). The steam ami acid vapours pass along 
witk the pyrites-kiln gases into the Glover tower. K is best 
to provide a bye-pass for the kiln ga.scs, for the purposes of 
cleaning or repairing the pan.s. Zanner" defends his plan 
again.st objections madt; to it by Hartmann and Bcnker.® 

ncA’ patent has been taken oufc by Zanner (.sec p. 163) 
r\^ich supersedes the above. Meyer ' describes these pans of 
ZaflITcr, and gives details of results obtained in working them. 

, V'J. R. Ouinan'’ (U.S. I’t 699011) constructs behind the 
pyrites kilns a “ mixing chamber," provided with an iron roof, 
covered .with infusorial earth, or the like, which, near its top, 
leadf to an ascendingly-inclincd flue, the bottom of which is 

' J. Sfr. Qhcm. Ind. (Ahlr.), 1902, 21, 476. 

* Z. ungt-w. Cher*!, 1907, p. 8. ' " Ibid., 1906, p. 566. 

' /. Soc.'Ckem. Ind., r^oj, p. 781. ^ Ibid., 1902, p. 772. 
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formed of steps maVa of volvic lava^ These sjeps possess 
upwardly-extending flanges at ^he» back and sides, and a 



Fig. u> 



downwardly-extending lip or flange at the front end, over¬ 
lapping the back flaii}^ of the ncj(t lower .step. Thi.s inclined 
flue may be connected directly with the ^rst efiarnter, or, 
preferably, with the“Glpver Jower, from which the-acid runs 
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down the vj)lvic steps, and arrives in«;» highly concentrated 
state in the mixing chainl 5 {^. The paftial utilisation of the 



heat.ofthc gases docs not at all prevent their employment for 
working tl\c Glover tower, and where acid is required of purer 
quality than can «be obtained from the Glover tower, it is the 
cheapest iticthod. "■ ‘ 
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Lunge ‘ states that ilAs comlynation iwearried in several 
places in America, where the G'ovvr tower deaitrates and' 
concentrates all the acid destined for the vorking of the Gay- 
Lussac tower, whilst the acifi for sale is concentrated up to 
• 140° Tw. in lead pan.'^ placed on the top of brimstone 
burners. 

Proclss (U.S. P.s.<X)3i74, </)3i;5 of ujio; 989537 of 1911) 
deibribes an apparatus foi^ making concentrated sulphuric acid, 
comprising a denitratiug chamber, a concentrating chamber, 
and cooling apparatus, conduits for p.assing burner gases into 
the chambers, and for discharging the gases from the chambers 
into cooling apparatus. Lead chambers receive the gases from 
the cooler. 

Newman (U.S. P. l’94525, i8lh February 1919). The acid 
to be concentrated, which may be of a strength of 140° Tw., is 
distilled, and the distillate is introduced into the flue system 
from the roasting furnace lo the Glover tower, so that a 
sufficient amount of heat is derived from the highly-heated 
ga,se.s in the flue system to maintain the di.stillate in gaseous 
form. The rlistillate is recovered in the (ilover tower, or in„ 
the .succeeding chambers. , 

l-'aldiiig (B. P. r 7 Ci 03 of 1893; U.S. P. 541041) con.structs 
the pyrites kiln.s with hollow walls, by which the air pijssing 
through is heated, and can be introduced at will below the 
grates. The hot burner gases are used for concentrating 
sulphuric acid, by p.issing them first into a small tower, con¬ 
sisting of speciality acid- and heat-proof material (vi/.., voMc 
lava), surrounded by a somewhat distant lead .shell, and packed 
with quartz. This tower is placed between the burner.s and 
the Glover tower, and recciyes the acid coming from the latter, 
which is here concentrafttd to 168 Tw. The gases first jjmgs 
into this intermediate tower, and then into the Glover tower. 
Of course this acid is not jturc. For pure acid the concentratfon 
in the first tower is brought only up to 71 i>er cent. S03;>.’t 
is then run into iron stills (see p. 144) where ittyrc acid up 
to 76-33 psr cent. SO3 distils over; while impure acid of 7918 
to 80 per cent. SO, (^7 to 98 per cent. HjSOJ remains fn 
the still, together with a mud of ferric sulphate and arsenic. 

* a 7 i^ew, Chem.^ 1894. 
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CONCWRATION IN HEATED PANS 


'’OoQoentrdting,Farts Heatef\ by Steam. 

According to I laftenclcver,' the idea of concentrating sulphuric 
acid by meai'is of indi'-cct steam wa.i first proposed by Carlier, 
the manager of Messrs Curtis’ chemical works at Duisburg.' 
(Ild,seems to have overlioked Smith & Savage’s U.S. P. 41647 
of 1864.) After several trials at that works they ultimately 
employed wooden tanks linpd with lead, 13 ft. .square, on*ihe 
bottorn of which lie two lead coifs, each of 150 ft. length, in. 



Fic. 22. 


bore, and J in. thicknc.ss of lead, for conveying steam ol 45-lb. 
pressure: The bottom of the pan.S i,s shaped like a truncated 
/pyramid, for the piirpo.se of more easily running off the 
candcn.scd water; so that the tanks arc 2 ft. deep in the 
centre and 1 ft. deep at tljc sidc.s. The two ends of each 
steam-coil are connected with a lower-placed steam boiler, 
into which the condensed water continually flows. When the 
acid has arrived at i40'’Tw., it is run intoaleaden tank, through 
whfch a lead coil passes; the fresh chamber acid runs through 
this coil, 5 nd, in cooling, the strong agid gets a preliminary 
> .firr., 6, 504.^ 
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* . • * 

heating. With the al;p»e apparatus 5 tens of strc ig acid can 
be obtained from chamber acid of idO° Tw., ever)' twenty-four 
hours, by the consumption of 9 cwt. of coal.s. Thj steam boiler 
requires only as much fresh water as is lost through leakage 
' at the flanges, etc. It is,advi.stible to place a wooden hood^over 
the steam tank, to prevent any danget from acid being sp'ashed 
about in case of a‘steam pipe bursting. Owing to the low 
tefhperature, no acid at aJl is CMRporatcd ; the process is very 
cleanly and economical as to consumption of fuel and labour. 
This report of Ilascnclcver is fully borne out by Bode. 



Fig. rj. 


Hasenclever' .states the corrosion of lead to amount to 0-44 lb. 
of lead per ton of acid. ^The steam pipes arc mostly acted 
upon in the places whert they dip into the acid, bccau.se ■ttip 
dust accumulating there raises by capillarity .some acid above 
the level of the remainder, and this becomes too hjgfily 
concentrated by evaporation. Since a lead jacket has been 
burned to the steam pipe at the place in question,the above 
drawback no longer exists. 

Figs. 22 and 23 represent a similar apparatus, copied from 
Bode's Gloverthurm., p. 27, The tank here mcaj^res to ft. 
6 ia by 14 ft. 9 in. at the surface, i ft. 4 in. dcfith in th^ centre, 
* HofmJhn's Ifeporl, 1875,1,^85. 
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I ft. at thi .sides; is'hcated .stcaifi Jsf 37-lb. pressure, and 
supplies in twenty-four fioiAs 5 tons of auid of ii4°Tw. with 
a consumptiqji of odly 8 to 10 cwt"; atiothers, however, from 
15 to 18 cwt. of coal fdr the .same quantity of acid. 

Ihc steam-coil must Ixv/e af valv^ both where it enters ' 
and where it leaves the pans, which should admit of being 
closed from a distance in case of the coif bursting. Both the 
coil and the return-pipe for cajidcnsetl water (for which a steam- 
trap should be provided) must be placed in such a way that 
the water cannot cause a stoppage anywhere. The lining lead 
weighs from 6 k to 10 lb. per superficial foot. It is very 
important to place the outlet for acid in such a position that 
the steam-coil remains completely covered when running off 
the acid, and is never e.xposed to the air, which would greatly 
injure the lead. .After a year’s work the steam-coil ought to 
be replaced by a fresh one, even if not showing any outward 
damage. 

^ Some manufacturers avoid running the condensed water 
back into the boiler, lest the latter should be damaged by any 
•acid getting into it, or even caused to c.xplodc; in such cases 
the abovc-rtientioned larger quantity of coals is u.scd. Bode 
points out that there is no danger of acid getting into the 
steam boiler, because in ca.se of the steam boiler bursting, 
the steam blowing off will prevegt the acid from entering the 
boiler. The return-pipe must not end below the water-line, 
bu^ in the .steam-dome. 

Dr Stahl recommends employing stcair of no more than 
30-lb. pressure, in order to reduce the danger of bursting pipes 
to a minimum. 

Several new steam' concentrat/ng-apparatus for sulphuric 
aci'd have been introduced in connection with ice-making 
apjtaratus, all of them founded on the principle of the multi¬ 
tubular boiler. VVe mention of the.se the apparatus of Kux 
(tier. P. 31277), Fig. 24, The upper part (ci) and lower 
part (//) !trc conncfted by many lead pipes (c c); through 
these and the outside pipe (rf) the acid circulates. The whole 
system is surrounded by a shell (4), into which steam is 
introduced through /, the outlet being at The weak acid 
is introduced af //; the concentrated ^cid flows away at t; 
pipe takes away', the vapoufs, aiiU a water-pipe (m) with 
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an inner pipe (/), pe^iJrated \)y many*holes, conjlenses any 
acid carried over, * • 

Egclls (Gcr. I’. 3,1629) describc.s a vwy similar apparatus, 
in which the tubes are f)laccd in a ht>rizontal ^direction, and 
• special precautions arc takon against any sagging of the 
tubes (r). * * • ,* 

Kurtz (Gcr. 1 ’. 3;^ 13) einpkn s lead pipes provided with inner 
iifln pipes. A combination of Jeaden pan with evaporating 
worms placc<l sideways of it forms the subject of a'patent of 
the Internationa! Vacuum-l'’,isma.sctiinenvcrein ' (Ger. P, 38015). 



Fu;. 


Kurtz ((jcr. 1 *. 3S01S) licscribes a stcsiin-hcatcd pan with 
counter-current. • , 

Solvay & to. ((icr. 1 ’. 5.17301 pruinole mechanical circulafisn 
in such a pan by a mechanically dri\'cn .screw-wheel. ^ 

Junge - de.scribcs in detail the .steam-heated acid ,pan.s 
employed at Freiberg. They arc flat-tottoihcd boxes, lined 
with 5 mm. lead, about 10 ft. by 4 ft. 3, in. and 14 in. deep, 
with a coil of lead pipe, in. bore, in. thick, 184 ft. long, 
resting on loose piec(4s of lead piping. Six of these pans 
' Fischet‘s Jahresber., 1^87, p. 508. • , 

^ Jahresber. Beri;- u. luitten. in Sachsen, 1892 ; /..^angesu. Chem., 1893, 
p. 61. 
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* * . * 

are combintd in a se», commuqicating*^ overflows; the acid 
runs in at one end anth riwis out at the pther. The steam 
pressure is not allowtd to exceed 2> atnj. The temperature 
rises in the f?rst pan'to 125", and'does not go above 128° 
in the last. The strength oj^lic <icid ^enlering at 110° Tw.) in 
the siic pans is rcs])cctifely: ii9"Tw., 127° Tw., 132° Tw., 
137°'Iw., 140'Tw., 143“ Tw. Hence a* comparatively low 
pre.ssiire, far below the bialinjppointt of the acid, suffices fbr 
concentcalioii; but this involves .slower work and much more 
plant than concentration by direct firing. The co.st of repairs 
is slight .so long as the apiiaratirs is new, but subsequently it 
is very considerable. The thickness of the .steam-coils corre¬ 
sponds to a strain of 60 atm. in the cold; in .spite of this 
they later on became bulged out and bur.st with a pressure 
of only 2^ atm. This is caused partly by the action of 
steam from within and hot acid from without; partly by the 
gradual diminution of the tensile .strength of the lead u.sed at 
that high tempea-aturc. Lead alloyed wdth if per cent, 
antimony (hard lead) cannot be u.sed, as it is quickly dc.stroyed 
liy hot sulphuric acid. This occurs chiefly in the places where 
the hard le:»d is in contact with .soft (pure) lead, and galvanic 
action .sets in ; but this is noticed only at higher temperatures, 
not vjjith apparatus worked at the ordinary degree of heat. 
The steam-pans are gradually very much impaired in their 
efficiency by lead-mud, etc, settling between the coils; they 
then furnish le.ss and weaker acid. Hence their u.sc cannot be 
recSlnmcnded, e.vcept where it is absolutely ,ncccs.sary'to avoid 
any injury to vegetation, which is certain!)’ altogether excluded 
here, as well as any loss of acid, but they arc far more costly, 
both to erect and to uajrk, than direqfly fired pans. 

, Evers (Gcr. 1 '. 176369) concentrates' sulphuric acid (or nitric 
acid, etc.) in a vessel, on the Jaottom of which there are two 
coirs,^arrangcd concentrically in such a manner that the heating- 
licjuid flows throi^gh them in .sticccssion. 

The Nevsk Hydro-lHcktri.sh Kvackstofaktieselskabet (Fr. P. 
459092) runs the ac'd through a tower heated by steam, and 
removes the water from the acid in three stages, by employing 
steam of 3,4, anil 5 atmospheres’ pressure. Steam of 3 atm, 
produces acid of*65 to 75 per cent.; stdam of 4 atm., acid of 
74 to 80 per cent.; af)d steam of 5- atm.« acid of 80 to 85 per cent. 
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According to the S^Ji»s Patent (No. 64?34) of the*same firm, 
dilute sulphuric acid is conccntratefJ*by distillation, treating the' 
vapours with a drying ag«nt in a drip a[*paratus. A cooling 
agent is employed at least at one point, betwccif the still and 
• the outlet of the vapour.s, in *aicl^ a way that the temperature 
in the drying zone docs not exceed the boiling-point gif the 
dilute acid. « 

•Pritchard and the Un(^ed Allgiii Company ‘ (11 P. 29542 of 
1913) describe a tubular apparatus for concentrating Sulphuric 
acid by means of steam, in which the joints between the pro¬ 
jecting mantles for the tubes and the lining of the evaporating 
vessel, are not exposed to the .steam circulating in the tubes, 
and where the joints of the tubes with the vessel are not in 
contact with the acid. This patent has not been proceeded 
with on a working .scale. 

Although the process of concentration by steam furnishes 
a very pure acid, it has not been found economical on a 
practical .scale, except in connection with the recovery of 
.sulphuric acid from (he sludge acids prixluccd in the refining 
of mineral oils (.see p. ager). 

Quality of the Lead for Sulphuric Acid Pans. 

W. 11 Hart - di.scusscs in detail the inllucncc of the physical 
condition and chemical constitution of the lead on its durability 
for pan-concentration of sulphuric acid, lie .suminari.ses his 
conclusiwis as follows. Lead failure can originate both ftem 
chemical composition (due to imperfect de.silvcri.sation or final 
refining, or to the presence of bismuth, or dross, or oxide) and 
from the physical conditifiii, The effects of impurities arc as 
follows;— 

1. Physically, by the formation, of alloys of low fu.sibility 
and consequent local perforatioif of the lead, most likely owing 
to the presence of bismuth or tirw Hy leakage and consefjuqpt 
concentration ; in such ca.scs the action may extend even to the 
lead itself 

2. Chemically, at certain stages of the concentration, by 
strong sudden action, due to the presence of Al, Sn, or Zn, and 
by slow action to the presence of bismuth. 

* /. Soc. C/tem. Ind,, 1914,^. izof. J. Chcih. .S'ce., 1907, pp. 504, 511. 
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3. Chemically, by^hc uicreasecl actyin'of the acid on the lead, 
•owing to the physical condition of the impurity, especially Zn. 

4. Slow elcctrolj^tic action may jet up'with the deposition 
of certain iirtpiirities,.which may accumulate and then set up 
physical and chemical action. ^ 

y. Aiitimotiy may havf; a slrond ai'd harmful chemical 
action, whilst cop|)cr, ar.senic, and silver .have little effect, and 
copper may even be useful under certain conditions. Byocn- 
.stant use copiier will be slowly dis.solved, and its corrective 
effect on <jther impurities is then diminished or lost, .so that, 
c.,t,c, bismuth can c.Ncrt its influence more freel\-. This explains 
the failure of lead p.ins which have previously given good results 
for a long period. 

6. I’ure leail, uniler normal pan conditions, is undoubtedly 
le.ss tiffecteil than the impure metal. 

h'.'iilure from ph)’sical conditions ma_\- be due to faulty 
rcmelting of the lead, by use. of unsuitable casting tempera¬ 
tures, and by si-vere pressure in tlu^ rolling operation, in the 
following wa_\-: - 

1. I’rodiK ti(jn of a loose crystalline structure, by casting 
'"the met.al :it too high .1 tempi-ralure, causing leakage and 

concomitant results. 

2. By .severe lu'essure during rolling, production of a lead 
surface more su.sceptible to tUtaek, either temporar)- or constant. 

3. Strong tu'id action in the temporary, physically altered 
form of lead, before the anue.iling effect can take place, explaitis 
th(<,f:iilure of (lans which have been in use for a limited period. 

4. The effect of altered phv'sical conditions will extend even 
to lead of ;m exceptionally pure chemical composition. 

Barrs' has investigated the innuence of iiiipurities in lead 
when heated with coiucntratcd .sulphuric acid, and has found 
that an increase in the purit)- of the lead renders it more 
re.s'.stant to attack b\' acid, even up to 2X0 , but recommends 
thf addition of 0’02 to 0 0,5 per cent, of copper to ensure 
obtaining the maximum resistance. 

Jones - gives the results of experiments carried out on the 
bdiaviour of chemical sheet-lead when heated in sulphuric acid, 
and concludes that, in spite of the fact that copper can function 

’ /.'jKcr. Ch(’m. hid. (/><»/«.), 19V9, i>. 407. 

0 - /. Soi.rChcm. Ind. P* -2I. 
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as a corrective agent and will counteract the injurious effect of 
antimony and bismutn, the purest^fead is the most satisfactory 
for acid work. Pure lead is obtainable which withstands the 
action of hot concentrated sulpliuric acid (vithoiit being 
instantaneously dis.solvcd wl^n Ideated bej'ond 300“ C. 

MacKellar,' as a rcsTilt of plant' i.*xperiincnts e.xtcndigg over 
several years, concliidcs that the protective value of copper 
hr chamber .sheet-lead lyis beei^ greatly ex.aggerated. 

/.(Vn/ 

The author is indebted to W. A. ('alder of Messrs Chance 
& Hunt for particulars of the method Iry which all samples 
of chemical lead arc tested before purcha.se. The method has 
been emplo)'ed by them for the past eight years, with very 
satisfactory results, ;uid was adopted by the Ministry of 
Mtmitiojts during the war. 

1. The .samples are first placed in order and the particulars 
checked; at the same time the samples are e.vamincd fi>r any 
flaws, etc. If they ar<’ found damaged, a note to thiit effect 
is made. The particulars are then copied out into a book. » 

2. h'rnm e.ach sample three si|uares (approx. ;] "in.) and otic 
disc (approx. in. diameter) are cut ; a small hob; is punched in 
each square by which to sus|)end it. The di.se is filed perfectly 
smooth and round, anrl all sjfles should appi'ar the same. 

The three -si|u,ires are one e.ach for K.O.V., mixed acid, and 
nitric t»^ts, the disc for the acpia regia test. ^ 

3. The K.().\>, mixed acid, and nitric acid tests arc carried 
out at the same- time. 

The str<ai;;tli of K.t t.V. shoulj) be 96 jK-r ct-iij, I I_,S( 

,, „ Nitric Acid slTrmld ire 91 to 91 |rcr cent. II N(M, 

,, ., Mixed Acid sbould lx- 40 per UNO.,, 52 per cent.* 

II._,S( )„ .and 8 jrer.ccnt. IkO. ^ 

J’/te R.O. V. nml A'i/n'c Atid fests. —Take.three bcakdrs ^r 
silica di.shes if a large number of leads arc to be tested) and 
suspend the lead squares by means of glass hooks supported 
by glass rods laid acro.ss the top of the beaker. Take,care 
that none of the Icalls touches each other. Make a chart 
corresponding to the»po.sitions of the various .s.implc.'f in each 
' J. Soc. ClKm. Ind. {'/'runs.), ufzt, p. 139. 
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beaker, so if any* one sample shoulrf be attacked, it can 
be removed and the numbdi; marked oft on the chart. Now, 
into the first beaker put a sufficient quantity of R.O.V. to well 
cover the samples. Into tlie second,*a lrl<c amount of nitric 
acid, and into the third, a like^ amount of mixed acid. Suspend 
a thefipometer in each bcaftijr, and heat the beakers by Bunsen 
burners. < 

(rt) Carefully ob.servc the |^.O.V. tj'st to .sec if any .samplLh 
are violchtly attacked up to 240', after which continue 
heating to 245’, and then stop the test. 

(/>) Observe the temperature at which the nitric acid and 
mixed acid te.sts commence to boil; continue boiling for a 
quarter of an hour, and observe the temperature at which it 
boils after the ([iiarter of an hour is up. Stop the test and 
examine each .scpiare to .see if any ap[)rcciable action has 
taken place. 

(c) If any lead fails cither of these three tests, a duplicate 
should be done, and the failure n< 4 ed in the report under the 
heading of" K.O.V.," “ Nitric,” or “ Mixed Acid," as the case may 
and also under its number in the .-uiua regia test report. 

7 '/u’ A(/in’ kfs^ia 'fiSt .—The acid is made up as follows:— 

'I'.ike I volume imni.'itic ai id 2S I'w. 

• „ 2 ,, nitric „ 100 I'u. 

„ j „ water. ^ 

Place the water in the flask first, and then add tl(e nitric 
aci? 7 ; cool to room temperature and then add, the muri^tic acid. 
Mix thoroughly and place in stoppered bottles. Make the acid 
twelve hours before use, and keep in a cold place. 

The filed discs are stamped cm pne side with the reference 
number; washed for a few mimites in to per cent, caustic soda; 
then well washed with watei* and dried in a clean towel. Three 
hundred c.c. of the aqua regia are placed in a 600 tall beaker 
standing on a gauze-covered tripod. T wo discs are supported 
by a glas.s, cradle in each beaker, and a thermometer (F.) 
.suspended on a level with the leads. Heat the beakers by 
Bdnifen burncr.s, keeping the temperature of the several beakers 
the same. ^Make a note of the time 160" F. is reached, and 
continue'the heating cautiously, so that'it takes two minutes 
for every '10° 1 *'. registered. When 210° 1 \ is reached, open out 
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the burners full so thijt»the maximum temperatur* 228°?. is 
reached in a few minutes. During'this time (from 160° F. the' 
leads must be constantly sirutiniscd, and the time that the first 
spots of lead chloride appear i.s nuletf for each learf) the scrutiny 
• is kept up until vigorous aationj commences, and that time 
is noted. The test is .standardi.se(^ *for twenty minute.sfrom 
the time 160° F. i.s rchched, and this time must Ire kept to. 'At 
tltWsnd of the twenty minytes lift,the di.scs out and plunge into 
water, wash well, dry and examine each disc, taking intd account 
•all the data observed when qualifying the lead, h’rom experi¬ 
ence, the aqua regia test has been found to give an excellent 
guide to the probable durability of the chemical lead, and i.s the 
one on which chief reliance is placed, .so that the other tests 
have fallen .somewhat into disu.se. 

Concentration in Glass Retorts. 

The shape of glass retorts used for conrentr.iting sulphuric 
acid was introduced by Messrs Chance Itro.s., of Oldbury, ncrir 
Birmingham. They are shown in Figs. 25 to 27. (This, together , 
with Fig.s. 2iS-29 is taken from Ro.scoe and .Schorlemmcr’s 
Chemistry.) These retorts consist of two .sc)),irate jiarts—viz., 
a large bottle (a), with a neck at the top, into which (its a 
loose head (c), whose other end enters an aperture in a lead 
pipe or tunnel (!■), running all along the retort hou.se, and 
ultimately connected with a chimney. The bottles (ir) are 
blown of thin gb^ss, as evenly as iiossible, about 3 ft. high 
from the bottom to the top of the neck, and 1 ft. 9 in. diameter. 
They rest on a fiat metal sand-bath (/i), and are jirotccted from 
direct contact with the fl.'mie by the round fire-clay ^slab (/). 
In the pipe (/t), which citnveys the condensed acid vapounr (f) 
a collecting-tank, there i.s always some suction ])roduce<l by 
the chimney draught at the other end ; therefore the hc.'nfl *(r) 
needs no cement to connect it w'ith the bottle, as no vapoufs 
can get out, only air being able to enter. Tbjs is very 
important, as the head (r) has to be tak'en off and |)ut on 
each divy. The above-mentioned suction has also this effect; 
that retorts may continue to work with cracks in Ijicir upper 
parts, provided such ci^cks do not re:ich dow « to the level of 
the acid in the bottle. * 
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The reports (in number from twenty to fifty) are placed in 
a separate houfUKthe temperature of which is kept constantly 
at from 25° to 30° C.* the building bang* provided with tight- 
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An accurate plan (to scale) of a retbr) setting is given in Figs. 
28 and 29. This will be InUlligible without further explanation. 
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fitting windows and doors ^ only one doot is opened 

at a time, the otlior being shut s#, fliat no drauglit (the cliief 
cause of the bottles jraclfing) can f nter. * A retort-house with 
twenty-four retorts can turn out about 5 tons per diem. The 
• work is carried on in Ijiis v\^y: iThe distillation goes oji all 
day long, and is finished in the ’evening. During the* night 
the acid cools dowh to .some extent; in the morning the 
iWort-hcads arc taken (iff, and# the acid is drawn^ off by 
siphons of thin leail tubing with a very narrow orifice. The 
siphon is filled with cold acid, and the narrow opening closed 
with the finger; the siphon is then put in quickly, and the 
finger at ojicc wa.shed with water. Sometimes the acid is thus 
drawn directly into glass carbo3's, but it is better to employ a 
series of cooling pots, as .shown in Fig.s. 26 and 27. A small 
portion of acid is necessarily left in the retorts, and this is 

u.scful in refilling them with warm acid of 144“ Tw., as it 

prevents cracking. 

Fchrmann' describes the glass concentrating plant at 

Miilhcim on the Rhine. The retorts had a similar .shape to 

those used in England. The construction and working of the » 
Mulheim plant have been very minutely de.scribcct by Luty,^ 
which should 1)0 consulted for further information. 

A great improvement on the old plan of intermittent con¬ 
centration in glass retorts is the continuously acting plan of 
Gridley, patented as a communication by II. Chance (H. F. 
1243 of ,1871). Several retorts arc placed tcrrace-wi.se in an 
obliqucly*ascending furnace, tuid arc connected by siphons, .so 
that the top retort is fed by fresh acid, which, after being 
concentrated to .some extent, flows into the next lower retort, 
and so on. The lowest retvrt is placed in the hotte^f part of 
the furnace. A retort is shown in detail in Fig. 30. a is the 
head, connected with a draught-pipe common to all retorts, 
by which the vapours are conveyed into a small leaden cake- 
packed tower, and condensed by water. At b there is an 
opening in the shoulder of the retort; into this the funnel 
passes by which the acid enters the retort; d shows the level, 
of the acid; e is the tubule attached to the retort, by winch 

' Fisher^s Jnhresber.^ 1886, p. 263. ^ 

* if. angew, 1892. x 385 ; translated J._ SocT^Chem, /nd.^ 1893, 

p. 153. 
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the acid leaves it, aftd ff shew the"" ^lass connectors which 
convey the acid from orie iieturt to another. The retorts are 
set in sand in shallow iron pots {g). I'our beds of retorts— i.e. 
sixteen retorts, will [rroduce 6oo carboys from 6 A.M. Monday 
till .12 noon Satiirrlay, c(|u;d to '46 tons, with an average coal * 
consmnption (jf 28 lb. per carboy of 175 lb. (ccjuals 16 per 

cent.). The retorts arc worked 
“by twoimen (day and night turns) 
and two labourers. 

The process has been further 
improved at the Oldbury Chemical 
Works by using ordinary coal-gas 
as a heating agent, burned in a 
Hunsen burner underneath each 
retort. This has largely increased 
the output and decreased the 
labour and breakage. The gas 
, * consumerl is stated to amount to 

l ie. 30. rather less than 3500 cub. ft. per 

'■ ton of acid of sp. gr. 1-84. 

Fig.s. 3'i to 33 show the way in which four retorts arc 
combined in a set which is fired from a common gas pipe. 
The retorts are fired first till all the acid in each of them 
has attained full strength; then ^c.sh acid of 144°Tw. is run 
into the top retort, whereupon the connecting overllow pipes 
■ hfi]''"' to work, and the acid flows from etich retort.into the 
next lower one, ;ind from the lowest into .'to cooler, from which 
it can be filled into carboys; this process goes on day 
and night. 

A gteat advantage* of the GitSdley-Chancc plan is this: 
th.'rt it reciuircs no retort-house, kept at the temperature of 
a,Turkish bath, like the olcj plan. It is only necessary to 
enclose the four retorts themselves in a glass case, similar to 
tlic vapour hoolis to be found in every chemical laboratory, 
in order to protect the retorts against draughts. The glass 
case is connected by a pipe with a small leaden coke-packed 
tower, which communicates with the ch.imney; any acid vapours 
escapiiijj f-om the retorts arc condensed here. 

Breakages ttcur rarely; but, in or^er to provide against 
this contingency, the bottom of eaeft fireplace communicates 
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« ■ * * 

by a pipe with an uiKicrgroiiyd tankin case a retort 
breaking, the acid flows into the Ijjtili. Acid contaminated by- 
suspended or dissofvcd ilJlpnritic.^ is not* easily concentrated 
by this system, as it ians#s much Urcak.ige, and*the strength 
, of acid attained In’ this in-'n'i^ss (]j)es not exceed 92 to 93 per 
cent. 1 l„SO,. * , • • 

Carulla' de.scribe*; an im[)ro\ed .selling lor gla.ss retorts, 
\«l£iith tends to reduce accidents in^casc of breakage. 

Howen (H. P. 2035 of 1SS3) de.scribes an apparalns<in wliich 
the vapours from each lower retort pass into tlic next higher 
one. 

V'eitch (li. 1 ’. 7001 of 1889) emj)loys flat-bottomed retorts, 
arranged one tibove another on a stepped terrace witliin a 
ta])cring lire-lhie common to till, the fire Ix-ing placed at the 
lowest and widest end, .’ind the flue narrowing ujrwards. The 
aci<l enters in ,’i regular stre-,’un, tr.ivelling through the whole 
scries. All the retorts are --asily visible. 

Penninian (U.S. P. gt.ij.jyp) em|ilo)-s in a .set of retorts 
arranged .ste[)-wisc, a current of .’lir, which keeps the ackl 
agitated continually, ttnd scj prevents their breaking, 

Schofield (H. P. 197.S0 of l.kpi) de.scribes retort.s^having the * 
lower half composed ol glass, ,-uid the hood of any suitable 
material, 

'Ihc sulphuric acid vapours lornied in the rectifying process 
in gla.ss retorts should in i»i case In- allowed to get into the 
chimney. 1 hey are i)artly condensed in the conducting pipe 
itself; .’t^ter issuing Iroin this they should ])ass through . 
small coke conilcifser, flushed with water, before entering the 
chimney to wash out ail the acid. The 2 \st Alkali Inspector's 
Report, p. 45, de.scribes the following anangement. The necks 
of the retorts pa.ss into .I'lead trunk, set on a level, who.se 
bottom is dished with an upstand jjI 3 in,, not burned to'the 
sides. When the glii.s.ses start b*)iling, a sintdl .stream of water 
is set running at the end of the,tnink nearest the condeli.s^r, 
travelling in a contrary direction to the vapours; at the further 
end it runs out at a lip, as acid of too' Tw The plan is very 
effective, and only a small scrubber is required to arrest all tba • 
fog of acid vapour csca[jing from the trunk, * 

Prior to 1914 there^was a number of works in h'Tigljind .still 
' J. Zvc.^Chcm^ImL^ >';2o, 21, 226. 
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I t 

r l j , 

using the ^independept retort systen\. of concentration, and 
their use is noted on page,82 of the Alkali Inspector’s Report 
for 1915, and in S.'otland in the Alkali Inspectors Report 
for 1918. t 

According to information supplied to the author on ex- , 
cellent authority (May 19? i), the concentration of sulphuric 
acid in independent glass retorts is carried on still in works 
where pure acid free from iron and lead is essential. ^ > 

Pure'A.R. acid is manufactured by fractional distillation, in 
glass retorts over an open fire, the neck of the retort passing 
into a suitable receiver. Latterly vitreosil retorts have been 
employed for this purpose, and bumping reduced by the passage 
of a slow current of air through the liquid. 


Concentration in Platinum Stills, 

The arrangement of platinum stills employed formerly is 
very fully dc.scribcd and illustrated in previous editions of this 
work (first edition, pp, 526 ct scq .; second edition, pp. 695 et seq .; 
fourth edition, pp. 1129 r/ seqi). A number of data referring to 
the sizes, fosts, and outputs of these .stills is al.so given in 
previous editions, which should be consulted for detailed infor¬ 
mation. Owing to the steadily increasing rise in the price of 
platinum, the use of these stills has been abandoned almost 
entirely in favour of less costly fotms of concentrators, but, for 
the sake of completeness, a short description is given below. 

latest types of platinum stills are those of Prentice or 
Delplacc. 

The system of Prentice (Figs. 34 to 36) contains, in the place 
of the former circular, stills, one of rectangular shape—say, 
3 ft. by I ft. 6 in. for 4 to 5 tons'O.V. per twenty-four hours. 
Tne acid enters at the back and runs out in front by an over¬ 
flow. A still of this kind weiglis about J cwt., and may be used 
in conjunction wjth platinum (pans with corrugated bottoms, as 
shown in Fig. 34, or with ordinary lead pans. The favourable 
effect procluced by ‘ Prentice’s plan is due principally to the 
corrugated bottom of the pans, which increases the heating 
surface in the proportion of 1-57 to i. ‘ Information regarding 
these stills, as used at the Griesheim v^orks, will be found in 
Ckem. hid., 1878, pp. 113 and 194; 1879, p. 109. 
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The system of Qplt)lace‘ ^Ger. P. *3159 of <889), which 
was introduced info some of the’ largest works, is shown in 

Figs. 37 to 39. , • , ^ 

In this apparatus two stills (A and H) are combined. 1 he top 
still (A) is fed with acicI,of i44“'Av.^and the distillate froni the 
still (B). The latter, al.so of platiiAim, carries on the concentra- 



I' lC. 39 - 


tion to the highest attainable jiLint, even up to 98 per c^nt. 
HjSO,, if needed. C C are heads and arms with ouilct at E for 
the strong distillate; the weaker uncondensed vapour go^s. 
away at E. F is a^ bottle-shaped cooler for receiving* the 
concentrated acid from the stills. G is a lip attached to the 
first still for receiviitg the acid from the lc.»J pans,* and the 

^ • • 

’ J. Soc. Chem. Ind., 1884, f. toy. 
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distillate from B B. H is ^ tuRe for feaeiving the condensed 
distillate and carrying' it ba( 5 k to A A. Irwthis apparatus the 
acid may be bijought to 79 {o 80 per bent, SO3, or 97 to 98 per 
cent. H.2SO4. Instead of lead coolers, the distillate is condensed 
by a.platinum tube 2^ in.,wide, tvhiclk is cooled by water for 
a length of 5 ft,, which permfts condensing acid of any strength, 
free from lead. The cooling of the concefltrated acid is done 
by an upright jjlatinum cylinder starwiing in water. The aaS 
enters at the top and leaves it at the bottom ; the water enters 
the outer ve.sscl at the bottom ;ind leaves it near the top. The 
following advantage is claimed for the rectangular shape of still, 
that in working for the most highly-concentrated acid, the ferric 
sulphate cannot collect in the opening of the di.scharging pipe, 
which happens generidly with the older type of apparatus; the 



distillate is said also to be weaker, |he output larger in propor¬ 
tion to the evaporating surface, and the consumption of coal 
■••kaller than with the round shape. The apparatus is supplied 
by Messrs Johnson, Matthey & Company,c Hatton Garden, 
London, W.C., by weight, at market prices for platinum. The 
weight of one boiler is about 50 lb.; head, condenser, and 
cooler together about 17J lb. With this 5 tons of 93 to 94 per 
ceftt; H-iSO^ are made in twenty-four hours, and double this 
quantity with a two-boiler appa;'atus, 
j III a private communication to the author, Messrs Johnson, 
Matthey & Company state that the Delplace system has never 
been surpassed for this form of concentration, and it was only 
•because of the introduction of the anhydrous .system that these 
boilers were almost universally abandoned. The last new plant 
supplied,by them was during the year 1914, 

The shallow^still supplied by the Pa/js firm, F. Desmontes, 
Lemaire et Cie, is shown in Fig. 40, and this is made generally 
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with a bottom fitted witll concehtri(j parthions, whiA force the 
acid to travel through the stijl in # citcuitpus way, as indicated 
by arrows, and ultimately’to flow tiirough pipe k as shown in 
Figs. 41 and 42. In orSer to utilise the fuel to the best 
advantage, many Frcnclk firmS em^l(^ the oblong shajie sliown 
in Figs. 43 and 44. * 



Fig. 41. 



Fig. 42. 

For concentrating acid up to 97 to 98 per cent. H2SO|j, fwo 
stills must be combined, each of fliem heated Jiy a separate fite, 
but where acid of only 92 per cent, is rcquireij, the stills 
may be placed on the same fire, thus saving both fuel and 
labour, , • 

Scheurer-Kestner' gives data concerning th«j difierence 
produced by workin^*with a Desmontes’ still, ^st without, and 

> Jiu/l. Sec. Irid'Mulhouu, i 8 » 2 , p. 321 . 




» * 

V 

Wltboifi. Partitloiia. 

Wltli Partitions. 

I 

MaWi in 24 hours . . . 

ConcefltniLitui of ucid . . . * . 

Average strength of distillate 

Weiglit of dittt). 

Weight of correspoinliug IIoSO, . ^ 

Perecntiige of acid di.-itilled . 

Weight of coal usc<l .... 
Weight ))cr cent, of roiKentrated acid . 
Water evaporated .... 

5136 *kil..> 

92-S 1 

2160 kilos 

8i«> „ 

15-8 % 

1100 kdos 

21-4 % 

1344 kilos 

6632 kilos 

92-5 % 

16-6'' Tw. 

2160 kilos -4.r 
216 „ 

3-2 % 

rioo kilos 

16-5 % 

1944 kilos 




Loew ^ /jives some calculations with respect to the work 
done by concej<ratinjj apparatus for sulphuric acid. In the 
' Chem., 1896, p. 259, 
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case of platinum stills.tRc worl) done is •in inverse'-proportion 
to the strength of, the acid disNIHfig cjff; the stronger the 
distillate, the less conjcntftited acid,is produced, although even 
more fuel is consumed in tlie former case. * 

• Any contrivances, lii;e Ptcntle^ corrugated bottom^ or 
partitions, inside a long still, which reduce the mi.xing t *the 
dilute acid entering Jlid the strong acids leaving, are useful also 
in*this direction. • • 

The method of firing platinum stills is of the greatest 
importance, not merely so far as economy of fuel is concerned, 
but even to a greater extent where it is necessary to manu¬ 
facture acid of a regular and high degree of concentration. 
Ordinary hand-fired grates will do (|uite well where the acid 
need not exceed 95 per cent. H.,.S()j, and the waste heat may 
be utilised for bringing up the chamber acid in lead pans to the 
strength required for feeding the still-say, i.to"Tw. Hut 
where acid of 97 to 98 per cent. H.^.SO, is required regularly, it 
is much better to adopt a plan ensuring great regularity of heat. 
This is easy to understand, for with the very shallow depth of 
acid employed generally in this type of aj.paratu.s, a slackening . 
of the fire will tell instantly upon the concentration. 'Assuming 
the feed acid to be of uniform strength (a necessary condition 
for continuous work), it .stands to reason that the strength of 
acid run out in a continuous process must vary with the heat 
employed, and that consequently that heat should be as 
umform.^as possible. No ordinary fire-grate will fulfil this 
conditioi?; this mii*' be done by efficient mechanical stokers, but 
the best method for attaining this end is the employment of a 
good gas-producer. One of the most efficient* for the jrresent 
case seems to be that of G^I.icgel of .‘ftral.sund, I’ru.siya, which 
has worked satisfactorily for many years with platinum stiljs. 
(This producer is fully illustrated' in the fourth edition 0 
1140.) 

More recently the high-pressufe gas-producer of Zahn (Gcr 
Ps. 190660 and 237238) has been adopted^ with good success 
for concentrating plants (especially with Ke.ssler and Gaillard 
plants. Sec pp. r68 an(| 195). " 
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Oonoentration In Platlnunf Dishes Vith Lead Hoods. 

• • ^ 

Faure and Kessler’t System. 

With the cver-increasingj rise iti the price of platinum (see 
p. 1^2), attempts were macl^i to reduce ks use to a minimum, and 
stills flfere constructed on tht principle of combining a platinum- 
bottom dish, as the only part of the still coming into conta^ 
with th(j hot concentrated ,'fcid, wiA lead covers cooled with 
water. ' 

The most successful of thc.se new stills was made by the 
firm of I'aurc & Kessler at Clermont Fcrrand (sec also fourth 
edition, p. 1141), and the following dc.scription h.as been supplied 
by the proprietors of the patents, Messrs F, Desmontes, Lemaire 
et Cie, of Paris. 

45 gives a general sketch of the apparatus on a scale 
of .,V. a is the platinum basin, with the lead bell b, which 
will be illustrated and described in detail further on. The 
4ilute acid condensing on the sides and top of the bell runs 
away through pipe c. The uncondensed vapours pass away 
through pipe d, which bends downwards ;ind dips into the 
condenser c. The acid formed here, after passing through 
the hydrometer cylinder/ runs away through »■, together with 
that from c. The cooling-water for the bell enters at h, that 
for the top cover at i. T'hc concentrated acid runs away at 
k into the cooler /, and from this through m into carboys, etc. 
The fire of the fireplace n passes cither underneatl)- another 
or even a third platinum basin, each of thetn pl.accd so much 
higher than tl\c preceding that the acid can run from one 
to another, or else directly under a set of had evaporating- 
pans, in*vhich chamber acid of io(/Tw. is brought up to 142°, 
tke proper strength for feeding the platinum basins. 

• Fig. 46 gives a detailed drawing of the dish and bell, on 
saale of ,V. a is the platinum basin, the size of which 
must be proportionate to the production intended. In order 
to stand the work,for a considerable time, it should not be 
,tpo thin; it is necessary to calculate from 2-9 to 3 kg. of 
platinum to each ton of 94 per cenl. acid made in twenty- 
four hjuws. For instance, a basin capable of turning out 
5 tons of st» 5 hg acid per twenty-foiJj hours weighs from 
I4'5 to 15 kg., and lias a diameter of o-88 m. (= 2 ft. loj in.); 
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for 7 tons of acid it wCuld weigh, 20 Or 20’5 kg., with a 
diameter of 106 rii (= 3 ft, 5J tn.J; fer il tons of acid 
6'5 kg., with a diameter oj o-6o m.,(= i ft. iivin.). The 
rim of the basin is shaped like a hydraulic lute, b b, with 
outlet tube c for the dil*tc acid coit^ensing on the sides.of 
the leaden bell, gg-, this rim is Supported by a cast?iron 
rjflg, f. Further, there is an outlet tube, d, for the strong 
acid, and a supporting ritig, e. (cTf cast-iron), for tin; lower 
part of the basin. The basin is surmounted by a leaden bell, 
formed of a double-walled cylinder, gg, and a double- 
walled conical hood, h h. The cylindrical part is .supported 
on the outside by three iron stanchions, i /, and an iron hoop, 
k k (40 X 5 mm.). The pieces i i end at the top in hooks, 
which serve for suspending the bell g g, by means of chains. 
The diameter of the cylindrical part is 0 X70 m. (--2 ft. 
loj in.) inside and 0-940 (=3 ft. i in.) outside. The inner 
shell has a thickess of 5 mm. (say, 11 lb, per superficial foot), 
the outer 3 mm. (say 7 lb.). Iron rods,//, half an inch thick, 
held by means of straps m in, form a skeleton frame for stiffen¬ 
ing the inner cylinders; they arc from 3 to 4 in. apart. The 
pipe n serves for introducing cold water in the bottom of the 
annular space between the two leaden cylinders; pijre 0 con¬ 
veys the partially-heated water into the annular space of the 
conical hood, q q, and p is t]je outlet for the hot water from 
the latter. Pipe r lets off the air escaping from the cooling- 
water duejng its passage through g g, and pipe s serves for 
the same purpose id the hood q q. The uncondensed vapours 
are taken away by pipe u suspended from the roof. Some 
other illustrations of this system arc given in our .second and 
fourth editions. * * • 

A weak part of the apparatus consists of the lead hoofj-. 
The Chemische Fabrik Rhenaijia (Ger. P. 64572) makqp 
these hoods of a long coil of lead tubing, burning the vwills 
together, so as to form a tight bell, within thc*walls of which 
the cooling water circulates. This .system, answers *vcry well 
and has been introduced at a number of factoric.s. 

The principal featur* of the work with the P'aurc and 
Kessler stills is this—that the acid, coming hot from the 
leaden evaporating paijS, jp continuou.sly run into^hc platinum 
basin, or the first of a set of,two or three? such basins, where 
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it stands'in a ver^ shallow, layer *(l or 3 in. deep), and is 
' expo.scd to the djrect'acJtion of the fii;e playing upon the 
whole of the bottom of^ the dish? TJnis causes such rapid 
evaporation ^that the acid, i.ssuing at the side opposite to 
thgt from which it had^ciftcrcd ami from the bottom of thrf 
still,* flows out in a siVUcicntly concentrated state. The 
amount of work done is proportionate td the size and number 
of the jdatinum basins. The mi.xcj vapour of .acid and wafer 
formed in the basins, .as it ri.ses up, strikes against the water- 
cooled sides and top of the leaden hood, and is condensed 
there to dilute acid running down the side.s and forming a 
hydraulic lute between them and the [datinum dish ; an over¬ 
flow (at (') carries it outside, and prevents it from getting 
back into the platinum basin.s. The water cooling at the 
.same time prevents the leaden hood from being d.am.aged by 
the joint action of heat and .acid vapours. The cost of fuel 
is not perceptibly tlifferent with Vaure and Kessler stills from 
that of ordinary platinum stills •, and the large quantity of 
water rctpiired for cooling purposes in the former .system is 
» an item of co.st to be put against the initial .saving in capital 
expenditBre. It was urged by the inventors, as a great 
adv.antage of their plan, that the lo.ss of pLatinum is much 
less than with stills made entirely of platinum; but this is 
very doubtful, as the wear and tear of the platinum occurs 
almost entirely in the places r^hich are in contact with the 
firc-g.ases, and which are equally large in both .systprns; and 
any slight lo.ss of platinum in the oth(^ parts oT ordinary 
platinum stills will co.st hardly more than the repairs of the 
very complicafed leaden hood and connections of the Faure 
and Kessler .system. • ^ 

According to information from Messrs Desmontes, Lemaire 
^t Cic, the bell and hood last about two years, and must then 
bcj'cplaccd. The consumption of cooling water averages about 
^ tons per hoifr, and the Jonsumption of fuel avcr.ages from 
18 to 20,per cent, of the acid made. 

The great .saving in prime co.st caused a rapid spreading of 
the F aure and Kessler system, especially in Germany, Austria, 
and America; much le.ss in France and Fngland. Hut since 
the oAiinaryplatinum stills (owing, doubt, to the stimulus 
given td the mak^s by the hew system) were considerably 
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improved, were constructed of much lighten weight aifc cost for 
the same output as formerly, Wi’:ynce^ the drawbacks of- 
constant repairs, of tfie^re:tf afnount of water required, and the 
frequently minor strength 6f the aciS produced i)l haure and 
JCesslcr stills became moje pcrceiJtible, the latter system fell 
into disfavour again. It must not^ 1 )e overlooked that, die 
strength really attaii*ed by it rarely exceeds 93 per cent. 
Ft-gSO,, or at the very most^qd per font.; with higher strengths 
the lead hood is acted upon to a percc|jtible extent. 

Loss of rhitiuum in the Concentmtion of I l.,SOj. 

For full detailed statements regarding this very important 
matter, previous editions shoidtl.be consulted. A brief abstract 
only is given here. 

In the prc.sencc of small (juantitics of nitrogen acids, the 
I0.SS is from 2 to 3 g. platinum per ton 93 to 94 per cent. 
VLiSO,; in the absence of these (removed by ammonium 
sulphate) onl\- a little over 1 g.; the loss is 6 to 8 g. for^ 
97 to 98 per cent. [{.SO,, 

Ilascnclever .states the loss of platinum when using acid 
free from nitrogen compounds to be 0-25 to 0-97 g. per ton 
of acid. At the Uetikon works a Faure and Kessler apparatus 
lost 075 g. i)er ton of ordinary acid ; when making the .strongest 
acid the loss amounted to to pt-r ton of acid. 

Davis' states that the loss of platinum .sometimes goes 
down to 0-34 g. per ton, but when making 97 per cent, acid it 
ri.ses occasionally ti*20 g. platinum per ton. 

According to information supplied by W. C. Hcraeus 
(Hanau) in 1902, from a collection of .statements emanating 
from a number of firms, the Ir.ss of platinum per ton .strong acid 
made is as follows 

(1) Concentration to 92 per ce«t. II2SO, from o-l8 to 078 g. 

(2) „ 93 to 96 „ ^ „ 0-30 to 1-30 g. 

(2) „ 97 to 98 „ „ f-90 to 3 0 g. 

Contrary to the ordinary statement in chemical text-books, 
Conroy ^ has found that sulphuric acid, even when pure, exerts* 
a marked solvent action*upon platinum. In fact the quantity 
taken up by acid of 9* per cent. HjSO, at 250° C. far »xceeds 

' J. Soc, C/um. Ind., 1894, p?2io. • " Soc. Cjjem, In^., tgoj, p. 455. 
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that obs^ved in pr^c^ice. This is ^plained by the fact that 
reducing substances like i\s20.|.S.S02, and even NjO,, retard 
the solvent action/ Nitric acid'dops not'promote it directly, 
but in practfcc it is injui'lous, because ft oxidises the reducing 
substances present. Ammi)nium, ferrous and ferric sulphate, 
sotlipni chloride and intratc, have'no action. The greater 
destruction f)bservcd when bringing thp acid to higher con¬ 
centration is not due to that concentration itself, but to tine 
higher'temperature necessary for tt Delcpine' also found a 
very slight action of pure concentrated sulphuric acid on pure 
platinum foil, at temperatures of, .say, 250° to 270° C.,but decidedly 
more at the boiling-point 338° C. If the boiling temperature is 
raised by adding potassium sulphate, .say, to 350° to 355°C, the 
lo.ss of platinum amounts to '0 04 to 005, at 365 to 370° C, 
O' 12 to o-13 per superficial decimetre per hour. Ab-solutcly pure 
acid acts quite as much as that containing O'l per cent. HNO3, 
and upward.s. The presence of NIl^Cl lessens the attack 
sensibly. 

' Delepinc - states that, in the attack of platinum by .sulphuric 
acid, although the presence of oxygen facilitates the .solution of 
the platigum, it is not absolutely essential. The oxygen plays a 
secondary part, in that it modifies the equilibrium of the initial 
action of the acid upon the metal, as represented by the equation ; 

2l't +7n.,S(), 2l’t(OH)|HSO, 3 S 0 ., + 4 H.A 

the reaction being regarded as revensiblc. 

Quennessen ■' examined the behaviour of platinum»l[pure and 
technical) against sulphuric acid at 400° C. He concludes from 
his results that^ in the case of concentrated commercial acid, the 
atmo.sphcric oxygen acts as an oxidi.scr; but, in that of acid 
contaimng SO3, this furnishes the oxygen. Lc Roy M'Cay,* on 
thlb contrary, found that ‘platinum is acted upon by boiling 
sulphuric acid, even in the absence of oxygen, i.c., in a current 
bf carbon dioxide. This action is prevented by SOj. AsjOj. or 
SK^O,. ^ 

In Knocke’s dekription of the Oker Works,' it is mentioned 

“tljat formerly the platinum stills used to be fired with coal, but 

• 

' Coni^tes run!., 1905, 141 , 886 and 1013. 

Jtiii, igia 160, 104. ' Ik'd, 142 , 1342. 

* Chem. Zat, I9i2^p. 1072. • ^Dtng! poly! 181. 
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that wood had been introduced instead,’^ecause th(f still was 
found to be damaged the smlp^ir contained in the coal. • 
Even by the formation of ^carbon-platinum* the platinum may 
become brittle; the iTiel iliercfore «)ught never^to come in 
contact with it. , 

Undoubtedly the diii^ibility of (ifetinum stills is grjafly 
influenced by the wa;^ they arc set* and worked. If the stills 
SKO placed too near the fire-grate^ or if the flame is sooty, 
compounds of platinum, v^th carbon, silicon, and hj^lrogen, 
are formed, which make it crystalline and brittle, and imparts 
a rough surface to it. In this respect, ga.scous fuel is superior 
to every other kind of firing. For further information .see Kern,^ 
Colson,'^ Schutzenberger and Colson,’ Mcmminger,^ V. Meyer.® 

According to lleraeus and Geibel,® sulphur alone has 
no action on platinum ; but metallic .sulphides arc liable to 
attack it. 

Mylius and Huttner^ state that when platinum is heated 
in a luminous coal-gas flame, a black layer is formed. If the 
carbon is now burned off in air, the metal is left in a rough* 
and brittle condition, but without having undergone any loss 
in weight. * 

Mercury is contained sometimes in blende, etc., and may 
get into the sulphuric acid (.see Vol. I., p. 131). If it reaches 
the platinum stills it may do great harm, as it may be reduced 
there to the metallic .state. .(I’l atinum will amalgamate with 
mercury only in the pre.scncc of .sodium.) 

The Uiiited .States Bureau of Standards* states that there 
is no appreciable Ifss of weight by volatili.sation up to 900°, 
but above this temperature the loss incrcasc.s- rapidly—most 
in the case of platinum containing iridium, and lca.st in the 
case of platinum alloyed wiLh*rhodium. 

Oold-lined Platinum Stills. 

W. C. Heracus of Hanau found*that gold re 5 i.st.s the boiling' 
sulphuric acid much better than platinum, He quotes the 

' Chem. News, 1877, 86, 77. 

’ Comptes rend; 1S76, 82 , ; 1882, 94 , 170. 

’ Ibid; 1882, 94 , 26. * Amer. Chem. J., 1886, 172. 

® 1896, 29 , 850. • “ A. angew. Chem., i!)07, 20,’iSgi. 

^ Z. anorg. Chem., 1916,^6,557. . * Chem. Tr^ J., 1^16, pi 139. 
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following 'figures, pytting the loss pf weight of chemically 
■pure platinum at too. *, ' * 

^ , • 

Technically pure platinum . • . , . .90 

All(f of 90 platiniiitf and lo iridium 58 

Pure gold . . ,.1, 

whidi means that pure gol<l suffers only one-seventh as much 
as technically pure platinum. • 

Herjioiis prepares platinfcin coaV-'d with a firmly adheriiig 
layer of gold, in the following manner (invented by his chemist, 
Dr Kucch). An ingot of platinum is brought up to a white 
heat exceeding the melting-point of gold; then a quantity 
of melted pure gold corresponding to the desired thickness 
of the coat is poured over it, aijd the double ingot thus formed 
is rolled into a sheet. Such sheets are m;ide of the following 
thickne.s.ses 

oq mm. platinum. 0'O5 mm. gold. 

0'4 „ „ 0-1 „ 

°'j .. .. <'-4 „ „ 

« 

Hoth under the hammer ;uk1 in the fire, these flouble .sheets 
behave exactly like one metal ; thc_v are easily .soldered with 
sheet plafinum, by means of gold, the operation being conducted 
in a manner that the layer of gold is melted only at the 
soldering joint. 'Ihc.se gold-plated platinum bottoms are 
especially u.seful in the manufacture of the strongest (97 to 98 
per cent.) oil of vitriol, in which platinum is energetically acted 
upon. According to statements collected by Mr Ilcrjcus from 
various firms, the loss of weight in his (datinum "gold stills 
per ton .stronjj acid made (i/. similar .st.atemcnts concerning 

ordinary platinum still, p. 93) has been : 

• 

(a) Itfthc m.anufacturc of 92 per*cent..acid from O'Oii to 0-072 g. 

„ „ 931096 1. .. 0-030 to 0-138 g. 

• {A „ 9610^7 „ „ 0-170 to 0-205 g. 

(li) ,. 97 to 98 „ „ 0-040 to 0-260 g. 

Heraeus' defends his sj'stem against some observations 
made updii it by Hartmann and Benker.'* 

The platinum gold combination may be regarded as one 
or the best kinds of apparatus whett; exceptionally pure and 
strong, afid is concerned, both for the e^ntire stills and for pans 
‘.Z, atffew . 1903, p. 1201. • • ^ IMd ., p. 1154. 
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covered with leaden hoo(Js. The gold coating in tSe former 
case must be extended to the’wlvs/Ici interior of the boiler, 
not merely to the ^oUom> as' otherwise galvanic action sets 
in at the place where the acfd (ouchcs*both piatiiuith and gold. 

• The Hcraeiis coinposy.ion is n«.t adapted for ini])ure acid 
which forms crusts, as these necessartl)' cause damage tp, the 
gold, and as soon as.thc platinum is exposed the galvanic 
dttion sets in. Otherwi.se it is excellent. It should be noticed 
that ordinary gold plating, whether by electro-plating^ .or by 
the igneous method, does not fulfil the object of protecting 
the platinum, as practical tests have proved rciieatcdly. No 
doubt such gilding is more or less porous, .so that galvanic 
action, with the sulphuric acid, sooner or later, .sets in and 
injures the metal. This is not the case with the compact sheet 
of gold rendered completely den.se by rolling the lleraeus bars 
to the required thinne.ss. 

According to information supplied by VV. C. lleraeus & Co. 
in 1911, the platinum gold apparatus has been introduced into 
many works in Germany and in America. Formerly, the' 
upper part of the apparatus was made of a composition of 
about 4 parts platinum to l part gold, but, in order, to make 
it cheaper and harder, and to permit .soldering it with gold, 
it is now made of an alloy of 90 parts goki and to parts 
platinum. 

Crusts forming in IHatinum Stills. 

The irun salts contained in the chamber-acid in concentrating 
are precipitated as* anhydrous ferric sulphate, which, being 
insoluble in strong sulphuric acid, partly attachos itself in white 
crusts in the vessel, partly remaining suspended in the acid 
in shiny flakes; the precipitate also contains a littl? lead. 
When it occurs in large quantities it may occasion stoppa^s 
of work, and also make the acid ii.orc or less unsaleable. TliiS 
happens especially when Glover tower acid is usqfl for concenfra- 
tion. In order to remedy this, Gerstenhofer suspended a 
large porcelain dish in the still by means df platinum wires, 
completely' immersed in the acid, in which, owing to the boiling- 
movement, all crusts, etc?, can collect. The dish is taken out 
from time to time, whijh can be done very quickly.'. This 
' Bodt lieilragc,.l'iy2, pp. 50-^1. 

G 
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arrangement seems to have been introduced in very few places, 
'if at all. It is certain, hp\V^;vel-, that hardly anywhere is Glover 
tower acid used for manufacturihg (“rectified oil of vitriol" in 
platinum stilus; and the atid for thi.S purpose is always obtained 
by a preliminary concentMtion of chamber-acid, which has.-, 
noi passerl through the fower, in leaden pans, cither by special 
fires or by steam-coils, or, more often, by the waste heat of 
the stills thcmsclvc.s. In this way the acid is brought up to 
I40°T.vv. without having been in contact with the flue dust 
from the pyrites burners, which contaminate it with an 
appreciable quantity of iron. 

Even at factories where brimstone is burned, the Glover 
tower acid has not been found suitable for platinum stills, 
because it dissolves too much iron and alumina from the 
packing of the tower. Ikit even with feeding acid concentrated 
by bottom-heat only, the precipitation of salts in the platinum 
stills cannot be avoided if the concentration proceeds beyond, 
say, 92 per cent. H^SO,. Wherever stronger acid is made, 
*it becomes necessary to clean out the platinum stills from time 
to time, in order to avoid the formation of hard crusts, which 
would .sj*ccclily ruin the still. This cleaning is effected by 
running the .still as nearly dry as its construction permits, and 
dissolving the salts by means of hot water or hot weak acid. 
The following is the composition of crusts formed in platinum 
stills, as observed at a French woilrs :— 



Hard Rtrong Cniat. 

Softt’r Crust Inijmfbiiftted 
with Acid. 





33 -<>o 

2300 

so.,.... 

63.20 

03-60 

bt). 


0*20 

Gilt) 

trace 

MO 

MgO, Na..O . 

* 

0-85 

As.p, . . . 

I’bSOj . 

Se . ... 

AIA . 

« _ - , 

f 1. 

trace 


*• , At Stolberg alumina is found, sometimes exceeding the 
proportion of iron (1902). 

An* explosion on cleaning out a platinum still has been 
reported, by‘Kuhlin^nn, jun. It octurted by running water 
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upon some acid left in th» still (the two strata evidently remain¬ 
ing separate) and starting the fire. At a v rtain point the two 
strata must have becoine suddenly mixed; and ^he explosion 
occurred through a violent evolutioit of vapour.’ 

Occurrence of Platinum. 

The most iinport*ant occurrence of platinum is in the 
alluvial sands in the Russkin Ural Mountains. Prior to 1914 
Russia supplied 93 per cent, of the world’s requirements, but, 
owing to the war and the dislocation caused by the revolution, 
the output has declined very considerably, and other sources 
of supplies have been exploited energetically c.specially in 
Colombia, South America. Accortling to the United States 
Geological Survey for 1913 (p. 1059), the production of platinum 
in Russia has been in troy oz. (at 3M035 g.). 


Year. 

imicially 

Altcigi'DiiT 

Estiinaleii. 

Yi'ar. 

ofiiclaily 

Ui'liortml. 

Katiiiiatotl. 

1<)00 

163,060 

212,500 1 

1^707 

17 J ,752 

310,000 

1901 

203.057 

3 J 5 , 2 oo 1 

I90S 

156,792 

250,000 

1902 

197,024 

300,000 

1909 

164,11 s 

264,000 

1903 

192,976 

1 226,000 

1910 

175,716 

275,000 

1904 

101,950 

290,120 

1911 

' 180,400 

300,000 

I'PS 

167,950 

200,450 

1912 

177,375 

300,000 

l-JOf. 

185,792 

210,318 





The discrepancy between the officially reported and the 
estimated figures is due to the tendency for jJrivatc enterprises 
to keep tTicir published outputs as low as possible, to avoid 
registration. 

The latest information is given by A. U. Lumb’in a Monograph 
on the Platinum Metals, published by the Imperial Institute 
(1920), to which the author acknowledges his debt for m^ich 
of the data in this section. 


Year. 

Oftlclal Output. 

Entlmatei* Output. 

1913 

157.735 

1 275,000 

1914 

157.182 

240,000 

1915 

• 119,789 

124,000 

1916 

78,682 

90,000 

1917 


50,000 


I* 


' Bull. Soe. chim., 88, 50. | 
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The world’s production of cruder platinum, as compiled 
by Lumb, from thdinost itliablc sources,, is given on p. loi. 

According to J, I,. IIowc,* the eAtim?ted limits of the total 
world's production of crude platinum up to January 1917, 
\ve(c as follows;— * , 

• ^ III 02. (troy). 




Miiiinuim. 

Maxltnuni. 

Russia 


7,115,48!' 

10,128,308 

^'oloinhia 

i* 


735.000 

IJorneo 


175,000 

200,000 

United States 


10,000 

12,000 

Canada 


9,000 

10,000 

Miscellaneous 


9,000 

10,000 

'I'otal . 


8,018,482 

11,095,308 


Another estimate by J. M. llill^ gives 5,000,000 oz. as the 
total world’s production to June 1917, which he distributes 
according to the uses made of it, as follows 


Chemical and physical apparatus, 

Oz. 

1,000,000 

Electrical devices. 

250,000 

Catalysing. 

500,000 

Dental uses. 

1,000,000 

Jewellery. 

1,000,000 

Minor uses and hoarded (balance) 

1,250,000 

Total .... 

5,000,000 


The Republic of Colombia, tj()uth America, is the second 
largest producer of platinum in the world, and in pre-war 
years supplied about 5 per cent, of the world’s to^r.l output. 
These alluvial deposits have been worked extensively since the 
decline in the .Russian supply, and in 1916 the output rose to 
approximately onc-thifd of the Russian output. The following 
figurc.s*^of the outputs of crude platinum have been compiled 
by* Lumb:— 


Yttftr. 

Oz. Troy. 

Year. 

Oz. Troy. 

t 1911 

12,000 

1915 

18,000 

1913 

12,000 

1916 

25,000 

1913 

15)000 

1917 

32,000 

1914 

17.500 

1918 

35,000 

(estimated) 


, ' fticOT. and Met Eng., uth 05to'i>.£r 1918, p. 607. 
* Eng. and.Min. J., 30th June 1917. 
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M . 

Other beds of plats'num bearing oroejfist in the United States, 
especially in Califorilia aivl'Oregon, and som,e in Canada. Accord¬ 
ing to the United States Geological Su,n’ej>, the production of 
pure platimiifi from Amcrfcan ores ill troy oz. has been ;— 


* ^ Ycur. 


^Ycar. 

« 

Output. 

Year. 

Output. 

I CJ03 

nu 

190S 

750 

J<)12 

1,005 

i')04 

200 

uiolj 


1913 

4»3 

1905 


; 1910 

773 

1914 

570 



I 1911 

940 

1915 

743 

V)07 

357 


... 

' 




Price of Platinum. 

Tlic rise in the price of platinum since 1869 is given in the 
table below. The figures from 1869 to 1892 are taken from 
the report of Il.ascncicvcr;' assuming i mark = i shilling 
the figures for 1913 lo 1931 are supplied by Messrs Johnson 
Matthcy & Co. 


Year. 

hillilltll.gH. 1 

^' .ir. 

SliilliiigH. 

Year. 



I') 

1 sss 

34 

I'p^) 

155 

1S70 

1') 

ISS.) 

35 

11)07 

ti 3 

1S71 

O) 

IS90 

til 

I 90S 

74 

I.S72 

19 

1.891 

SI 

1909 

115 

TS 7,1 

2f) 

IS92 

4 <) 

1<)I0 

186 

i «74 

:(• 

1893 

r\o 

1911 

oSy 

'S 7 J 

-'S 

1 S'J 4 

40 

1912 

207 

IS7I) 

-.5 

i8<)5 

47 

J 9'3 

1S5 

1S77 

25 

IS99 

50 

1914 

.185 

IS7S 

2() 

1897 

5 f 

V)i 5 

190-200 

l« 7 U 

2S 

1898 


19 U> 

200-290 

iSSo 


iSyu 

(>8 

1917 

2iJ0 

18SI 

27 

1900 


1918 

400 

ISS2 

28 

' 1901 

X') 

1919 

442-512 

iS.Ts 

29 

1902 

.U) 

1920 

77 O 3<)0 

IS.S., 

>' 

1903 

7 S 

1921 

380 

*-i»S5 

32 

1904 

82 

1922 

3^)0520 

iSSh 

32 

1905 

S 7 

1923 

460-560 

«. 1X87 

32 

, 





Concentration in' Porcelain Dishes or Beakers (Cascades). 

. Hughes (U.S. P. 339552) dc.scribcs an apparatus consisting 
of porcelain dishes with glass heads, otherwise similar to the 
glass letort apparatus of Gridlcy-Chancc (p. 79), The use of 

ft r 

' 14 ’ CA^m. Jfulf 1892 . 
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porcelain dishes was ^Iso patented in H^e United States by 
W. and H. Adams’,in 1887. * «* , i 

Messieurs Ch. Negyicr'et'Cic- at Perigueux^B. Ps. 4^7^, 
14022 of 1890) constructed a furnacc^or concentrating sulphuric 
acid from 106° to i(j7°Tw. ii 9 |3orcelain capsules, '^he 
apparatus is fully dc.scribcd, witli drawings, in previous editipns, 
and only a short desenption is given below. It consists of two 
parallel ranges of eight porcelain' capsules, each placed one 
above another, so that the acid overflowing from the. lip of 
each pan flows into the lower one. The capsules are semi¬ 
circular in sha[>c (12 in. wide and 5! in. deep). Every two 
dishes placed on the same level arc contained in suitable pans, 
forming cavities of a single cast-iron ()late, reaching from one 
side of the furnace to the other. A.sbe.stos is interposed 
between the capsules and the metal pans, in order to protect 
the capsules and prevent bumping, which is le.s.scncd further 
by putting fragments of porcelain inside the cap.sulc.s. In the 
event of a capsule breaking, its contents can escape into the 
fireplace through .several holes left in the metal pans; whefl 
this is perceived, the feed of acid is stopped, the cover lifted, 
and the broken dish is replaced by a fresh one. ‘'The iron 
plates are shaped in such a manner that there is no com¬ 
munication between the space below, destined for the fire- 
gases, and the space above, where the acid vapours arc formed, 
the joints being made gooA with a cement of asbestos and 
silicate of soda. When the capsules have been placed in the 
pans a ^ycr of joarsc sand is put into the space between 
them, up to the edge of the capsules. The brickwork above 
the level of the capsules is made of silica brick ; the top cover 
is made of ca.st-iron or gia.ss, The heat of the fire-ga.scs issuing 
from the apparatus is used for concentrating the feed acid in a 
similar apparatus, or, preferably, in lead pans. ^ 

This system is dc.scribed miCiutcly by Kretzschmar.’ ^Tfie 
gases from a set of four furnaces pass underneath three s<fcs 
of lead pans, where they concentrate the acid up to 134° to 
142° Tw., and heat it to 145" to 149“ C. Every furnace pro¬ 
duces 25 cwt. of acid of ^3 per cent daily, with an cxpenditpflb 
of 23.5 per cent, of rather low grade coal. 

' Scheurer-Kestner, m Soc. Ind. Mulhouse, 1892, p. 317. 

* J. Soc. Chem. Ind., 1891,''10, 46; 639. ’ fkem. Zeit., 1892, p. 418. 
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Lemaitre* (Ft. ^ 357555) describes an improved form of 
apparatus. I , *• ' , 

F. Benker’* has erected in Fraace ^ number of apparatus 
for concentrSting sulphuric acid irt porcelain dishes covered 
with a special protecting (fcment, aijd enclosed in a chamber' 
bmlb of volvic lava. Drawings of the plant and additional 
information is given in our fourth editian, pp. n2i, n22. 

A modified .system is ddkeribed py Hartmann and Benker*’ 
in whicVi the rlishes arc all placed on fireclay rests, and are 
cemented in these with asbestos and sodium silicate, so that 
the fire-gases arc separated completely from the acid fumes. 
The heating also takes place, not by means of four small fire¬ 
places, as previously, but by a single large fireplace (26J in. by 
12J in. grate surface), so that in lieu of coke, coal can be used 
for firing. There are twenty-four basins in each ca.scade, or 
forty-eight in both ; and the four lowest dishes of each row 
are protected by a curtain arch, so that the acid boils quietly 
without spurting. 

• 

Beaker Apparatus. 

This kind of concentrating apparatus was introduced first 
by Webb, and followed by Levinstein and othcr.s. The principle 
is quite similar to the di.sh apparatus, and the material used is 
cither glass or porcelain. 

Webb’s B. l’.s. are No.s. 2343, ^7407, and 18891, all of 1891. 
As shown in Figs. 47 and 48, his apparatus consists of fourteen 
or si.xtecn glass or [lorcclain beakers (A A) grranged 'One above 
the other, about 11 in. wide and 21 in. high, with overflow lips 
communicating 'with movable tapering gla.ss pipes, placed in a 
slanting position in the nc.xt lower beaker, so that the acid flows 
from each beaker on to the bottom'^ of the nc.xt, and from the 
last* of these through a cobler into storage vessels. 

(According to Webb (B. P. 2343 of 1891), a scries of glass 
vtssels is placed on slabs, 'arranged in steps, in a heating 
chamber; ^thc vessels arc enclosed near their upper edges in 
iron plates or slabs, corresponding to the bottom. In every 
bne of these vessels, a loose tapered gl,ass tube is placed at an 

' .'fonit. Scient., 1906, 66, 126. 

* Ciem. Zeit., 1899, 28 , 147 ; J. Soc. C/iTm. Ind., 1899, 18 , 371. 

® Z. anpeu’. 1906, p. 5O4. 
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angle, reaching from \e spout of one* vessel to the bottom of 
the next lower one,I whep' »it I’s provided ,on its side with an 
outlet slit. The fire-gases pass lirstt-iiitq combustion chambers 
on each sidc»of the heatSig chambers, and from thence into 
space left around the gla.ss* vessels, ,Thc weak liquor is fed 
into the tube of the uppermost vessel, and displaces a certain 
amount of acid, which will overflow into <110 tube of the next 
ves.sel, etc., thus causing a Aorougl^ interchange in the liquor 
to be evaporated. The concentrated acid is delivered from 
the last vessel of the scries. The feed of acid i.s regulated by 
means of a thermometer placed in the fourth beaker from the 
bottom. Two sets are usually built together, and will produce 
5 to 6 tons of strong acid (i'838 .sp. gr.) per week from acid of 
sp. gr. I-60. 

So long as all the beakers were made of glass, the breakage 
was very heavy; and this led to the replacement of the three 
bottom beakers of each set by porcelain vessels. Later on the 
breakage was reduced further by replacing all the glass beakers 
Mth porcelain vessels. 

Webb (H. I’, 29884 of 1896) describes a firing arrangement 
by a gas* producer, where the name docs not act from the 
higher end to the lower, but vice versa. A further patent of 
Webb’s (If. T. 1516 of 1901) ile.scribcs double-walled beakers 
consi.sting of an outer vessel and an inner vertical vessel. 
This modification appears to be ‘-hat which is mentioned in 
the 38/// Alkali Inspector's Report, and described in the Ger. 
P. 135886 by F. G. Webb and Webb’s I’atents, Ltrf. There 
is a stepped scries of beakers, each of them containing an 
inner cylindrical vessel, not much narrower than the beaker 
itself, open at the top and communicating by holes at the 
bottoiiT with the annular space between the two ve.ssels. The 
aciclij overflows by a lip from each of the outer beakers into 
tfie pinner vessel of the next dower beaker, pa.sses through the 
Itottom holes inWo the annular outer space, and overflows from 
this into the inner vessel below. The whole may be placed 
in a hot air oven or else the top edges arc formed in such 
a planner that a still head may be placed on each beaker, 
with an arm connected with a slanting draught pipe (cf. 
Gridley’s*apparatu.s, p, 79), from which ^the vapours are taken 
into a tubular water-jondenscr before’paksing into the draught- 
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ing shaft; in this case the beakers kix^eated only in their 
lower part. Webb (ft, P. iSfS af* 190it describes a tubular 
water-condenser for retaining the acid vapours. 

Levinstein’s patents are 19213 nf 1892; 247^) and 2835 of 
1893; 22844 of >894; hi^ apparatus is very .similar to Webb’s, 
but the beakers have roundcil bottoms, and arc placed* in 
metal dishes, and tlie overflow pipes arc mexlified. P'urthcr- 
morc, the dilute vapours froir theiiippcr portion and the strong 
vapours from the lower portion of the battery arc carried away 
separately. 

Quite similar to the above is Pr.adbury’s apparatus (H. P. 
22327 of 1893); J. W. Scott’s (B. P. 14215 of 1894); R. Wil.son’s 
(B. P. 14221 of 1895); and Schwab’s (B. P. 22512 of 1896). 

H. IL Green (B. P. 27209 of 1911), in order to economise 
space, makes the ca.scade double back on it.self. 

M<acKen/,ie (B. P. 6415 of 1909) provides for the dishes of 
cascade apparatus, air pipes for the purpose of agitating the 
contents of each di.sh, .so that the impurities do not .settle on 
the bottom, and cause o\erheating. * . 

Although many iilants of the Webb tyjic were erected in ^ 
England, they have been discontinued, partly on account of 
the excessive breakage of the breakers, partly because of 
the high fuel consumption, and partly because it was found 
impossible to prevent the c.scapc of dense white fumes from 
the chimneys (which were* themselves sometimes ruined by 
these fumes, and had to bo rebuilt). The Alkali Inspector's 
W.several years teem with complaints of this sort. The 
reason seems to be the same as that (juoted in the case of 
lead pans with .surface evaporation—viz., tho-formation of an 
acid mi.st of tiny, liquid, vesicular drops (p. 45); or else the 
difficulty of condensing sijl|jliuric anhydriflc. * ' 

A. Nobel proceeds on the following principle (Gcr. P. ^0149 
of 1880). Since cast iron is nat acted ujion by the va^Sur 
of sulphuric acid, the concentrating apparatus is made in the 
shape of a column consisting of cast-iron pipes, in which porcelain 
dishes are placed on ledges. Each dish has’ an opening through 
which a gla.ss rod reaches into the nc.xt lower dish; thij is 
intended to prevent the acid from splashing about in its down¬ 
flow from dish to dish. When all the dishes are ‘filled, the 
column is heated byfluSs surrounding it^on thc»outside. The 
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acid vapour, as well the concentrated vitriol, is taken away 
at the bottom. ( ‘‘ ' 

Another kind of column combined with a system of stepped 
beakers is th*e apparatus patented by (juttmann (B. P. 16220 
of 1898). lie arranges glass or porcelain beakers, with over-, 
flows, in a vertical spiral column, '{"hey arc placed on iron 
di.shes, attached to curved Viingcd doors^ which together form 
a vertical heating column, wUhin which fire-gases surround the^ 
concentrating beakers. Another patent (Ger. P. 109247) of his 
describes an arrangement for heating up the air required for 
the combustion, by means of the waste heat of the apparatus. 

A Guttmann concentrating tower has been erected in 
England, but it is fired by coke instead of ga.seous fuel, and 
has been modified with a view tb reducing breakages.* 

Ooncentratlon in Fused Silica Ware (Quartz). 

In 1839 a P'rench physician, Gaudin," succeeded in fusing 
ijuartz into a pasty condition by means of the o.xyhydrogen 
blow-pipe; and small tubes of fused quartz were made by 
Gautier* in 1869-1878. Boys ' (1887-1889) by a method which 
has become classical (the crossbow), prepared filaments of fused 
(juartz which were used in the preparation of delicate physical 
instruments, such as the suspended mirror galvanometer. 

P^rom 1899 to 1901 much worktvas carried out on the fusion 
of quartz; in France by Dufour and Le Chatelier ; in Germany 
by Heracus; and in England by Shenstone, In 1901 Shenstonc 
Jemonstrated his method of fusing rock crystal with the oxy- 
lydrogen blow-pipe before the Royal Institution in London; 
ind his process has been developed industrially by the Silica 
Syndicate, Hatton Garden, London^ipio). 

k; ig02 the firm W. C.' lleracus of Ilanau commenced to 
)face on the market small vessals of transparent fused quartz, and 
It 1903 Heraeus/le.scribed hi» methods to the 5th International 
ingress of Applied Chemistry. The cost of production, 
lowevcr, ty these * methods was prohibitive, unlc.ss oxygen 
oyld be obtained at a very low price; and about this time 

‘ Alkalitlnspecto)^s Report, No. 3,8, p. I2,S. 

CompUs rend., 1839, 8, 678, 711. t 

* Comptes re^d., 1900,^80, 816. • Phil. Mag., 1887, 28 , 489. 
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the attention of workers was directed to f»e possibility of using 
the electric furnace fpr fusing quhrt»land. * 

In 1902, Hutton' ,des«ribcd the preparalion^^of lubes by 
the fusion of quartz sand ftr parlicli* of rock crjistal by means 
of the electric arc and rc|istance fitrnaccs. These experiments 
mark the beginning of the fused silica industry, whicl> was 
created in England "by the collafioralion of Uottomley and 
Vaget, with Hutton (li. 1 ^. 1067c/ 9th May 1904). Jn 1905 
Bottomlcy and Paget founded the Thermal Syndicate, Ltd., 
Wallscnd-on-Tync, for the development of their patents on 
a commercial scale, and their material is known under the 
name of “ Vitreosil.” 

According to Bottomlcy,- the type of furnace employed is 
an electrical-resistance one; the heating core or resistance 
consisting of plates, tubes, or rods of carbon or graphite. In 
the manufacture of tubes or pipes, the starting iioint is a hollow 
cylinder of jilastic silica, formed by fusing a mass of pure quartz 
sand (997 per cent. .SiO._,) round a central core, through which 
the current is passctl. As soon as the hollow cylinder has bcetl 
formed, the healing core is withdrawn from the centre of the 
ma.ss, which can then be removed from the furnace and drawn 
into tubing. If a moulded article is required, the hollow plastic 
cylinder is closed at one end by mechanical pre.ssure, and a 
refractory nozzle (to which a source (jf comprc.sscd air is attached) 
pressed into the other cnd.» The fused ma.ss is then placed 
in the mould and expanded with compressed air, till it assumes 
the requflKd shape^ 

The limits of temperature at which these furnaces can be 
worked are very narrow, because the temporature at which 
quartz reacts with carbon to form carborundum is very close 
to the temperature requi/ed for working the silica." Tlie’ 
volatility of silica also pre.scnts another difficulty, as it vola^bses 
readily at temperatures little at*nvc the melting-point. THe 
temperature required for fusing *ilica is betjveen 1800" anri 
2000°, and the weight of fused material which can be worked 
exceeds 200 lb. Even at very high temperatures silica never 
becomes really fluid like ^lass, but remains in a plastic conditior>, 
so that when large masses arc fused, the bubbles of air contained 


■ Amen ^lectro Chem. Hoc., 1902, 2, 105. 

* /. Soc'Clum. InJ., 1917, 86, Up. 11, ijif. 
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therein cannot escap^to the surface land so render the mass 
non-transparent. ' ‘ ‘ 

For an excellent account of the o;lcvelopmcnt of the fused 
silica indu.strj, see Flusiiv.^ Fused'" silica has many valuable 
properties which render^ it^'of great, value to the chemical 
industry. It is amongst the most refractory of materials, 
melting at about the same temperature ts platinum (between 
1700° and 1800“), but it begitis to soften at about 1500°. The' 
coefficient of expansion is extremely small, being approximately 
59 X 10 ■ *, or about one-seventeenth that of glass, so that articles 
made of fused silica resist even the most violent changes of 
temperature. It has a tendency to become very brittle when sub¬ 
jected to a high temperature (over 1100° C.) for long periods, due 
to a reversion from the vitrcou.s' to the crystalline state. The 
specific gravity is about 2 07, and it is impermeable to all 
ga.scs, with the exception of hydrogen, and that only at high 
temperaturc.s. 

Fused silica is unattacked by all acids, except by hydro¬ 
fluoric acid and phosphoric acid, and the latter only near its 
boiling-point (400°), so that it is used extensively throughout 
the chemkal industry, and especially for the concentration of 
sulphuric acid in the ca.scadc plant. 

Dr Wolf liurckhardt and W. Borchers - (B. P. 18053 of 1911) 
claim that the addition of oxides of titanium and zirconium 
to fused quartz improves its [jKopcrtics, and founded the 
Zirkonge.sellschaft at Frankfort-on-Main for the manufacture 
of these new materials called "siloxides.” PohF* sMtes that 
the substance has no advantage whatever over vitreosil. The 
factory was working in 1914, but appears to have ceased 
in 1921. . 

Silicon nitride is recommended b}^ Hcrrc ^ as an acid-resisting 
matarial in the concentration of acids; and silicon tubes are 
m'ade by the Carborundum C*. at Niagara F'alls for conducting 
ltt)t mineral acids • 

Voclcker & Co. (Ger. P. 258351) manufacture objects of 
quartz glass with coloured, or completely fused surfaces by 
Rising quartz sand round an electric resistance core, and uniting 

' Chi^it et Industrie, 1921, 5 , No. 2, 119. 

* J. Soc. Chem. Ind., i()\2,ai, ^ \ 

’ Z. angew. Zhem., 19(3, p. 1849. * * Ckem. Zeit., 1914, 88, 317, 341. 



VITREOSIL ^CASCADE CONCENTRATOR 111 

the quartz body by blojving; the latter pody has previously 
received the dcsirctj cfuality of si»iTace or colour by suitable' 
treatment. ^ • 

The Aussiger Verein ‘fiir Chemische und metallurgi.schc 
• Fabrikation (Austr. P. appl. 4345) ftiagufacturcs tubes of qu^tz 
by means of an electric flame arc produced in the holl»\v of 
the tubes to be made.* This hollow is shaped before producing 
^he arc, and is kept up by it. 

Vitreosll Cascade Concentrating Plant. 

The development of the continuous cascade system of 
concentration by Mc.ssrs Hartmann and llenker has been 
described on p. 104. • 

A great impetus has been given to the more extensive 
u.se of this type of plant, by the introduction by the Thermal 
Syndicate in 1907, of “vitreosil” di.shes and basims. There 
were three Benker ca.scade plants at work in Great Britain 
at this time; and the porcelain basins were replaced rapidl/ 
by fused silica vessels, with satisfactory results. According 
to the Alkali hispector's Report for 1907 (No. 44, }> 28), the 
substitution of basins of fu.sed silica for porcelain basins has 
been found to lessen the waste of acid and interruption of the 
process required for replacing broken porcelain dishes. Further 
improvements and economies were effected in 1910, when the 
Thermal Syndicate brought out an “ all silica ” cascade concen¬ 
trator, crHIsisting of thirty shallow tray preheaters and fifty 
basins, all under (fnc flue. In recent years the tray form of 
preheater has been abandoned in favour of deep beaker pre¬ 
heaters, which have a greater heating, surface, and give an 
increased yield. 

Information on the working @f this plant is givej^ by 
Bottomley*; this has been supplemented by the Thermll 
Syndicate, Ltd. (May 1921). 

The latest form of plant is shown in Fig. 49. 

It consists of two parallel ranges of* fifteen preheating 
beakers (S) and twenty-five basins (U) (Fig. 50), each placed 
one above another, so th^t the acid overflowing from the lip of 
each upper vessel flows into the lower one. The dimehsions of 

’ /. Soc. ^hem. Ind.fiqiy, 88, No^ii, 579. 




Fig. 49. 
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the beakers are: heighj:,»2o} in.; diam^>t|r at top, ii in.; 
diameter at bottom, 54 in.; and tfie Pasins are 12\ in. diameter 
by 5i in. deep. The b;(^ins«arc made in various :j|iape.s. The 
vitreosil ve.sscl.s are placed* on sprdal acid amf heat-proof 
seatings recessed to takt^ nsbesto.s'rc^e rings, vvln'ch form ^ 
tight seating between tlie firing ajid the fume flue.s. Ffgm 
^^Fig. 49 it will be secn»that an ordinary open fire-bar furnace 
fA) is fitted under a portjliolcd ming arch (U), from which 
the flue (C) runs the whole length of the plant, and finally 
out to the chimney. The plant is fired usually with low-grade 



Fig. 50. 


fuel, and the fuel consumption varies from 15 to 20 per cent, 
of the weight of finished acid produced. The fume flue is 
formed of acid-proof .slabs ouilt on each side of the double 
row of basins, and covered with acill-proof tiles. The fuRies 
are drawn from the flue through a condenser consisting.o? 
a lead-lined box packed with coke. < ’ 

About 500 cub. ft. of condenser space will give an exit of 
0 5 gr. per cubic foot for a 5-ton unit, which is the rated capacity 
per twenty-four hours of^ a standard plant commencing with' 
cold acid at 110° Tw. The lO-ton units are merely two 5-ton 
sets built together with an 8-in. dividing wall, and fired 
separately. 


II 
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Steam jets or ^if^s are not reqmred to create draught, as 
the ordinary chimney (frtiugVit, providirjg about | in. water 
suction for |^th firing and fume Rues, is sufficient. 

The cooling of the ctuiccntrate'd acid from the lowest basin 
ij carried out by six ^ilidh pot tyip coolers which consist erf 
an ^uter lipped vessel and an inner centre pipe. The outer 
vessel is water-jacketed, and the hot acid entering the centre, 
pipe descends to the botVom, aiijl, passing through slots in 
the pipe, rises between the pipe and the walls of the vessel, 
where it is cooled by the circulating water outside to a 
temperature of about 200'' F., when the final cooling can be 
performed more satisfactorily through a lead coil. The acid 
docs not coine into contact with any other material than fused 
silica during its passage through the concentrator, and hence 
the plant is adapted specially for the concentration of pure 
water white acid. 

A comparison of the results obtained with the two types 
of preheaters is given by the Thermal Syndicate, as 
* follows 


, 

riant witli 'j'nj's 

INaiit with Biiakors 


(KiiiKlt! unit.) 

unit.) 

Inlet of Iruy.s .... 

20'" (X lo6‘'’rw. 

33-37° C. io0° Tw. 

Outlet of trays .... 

1I2°(’. Iio^Tw. 

172" C. 130® Tw. 

Outlet of b.Tsins 

108'’ Tw. (at 15® C.) 

168” Tw. (al 15° C.) 

O.V. made j»or 24 hours . 

4 tons. 

10 tons. 

hue) used per ton O.V. . 

cwt. 

4 cwt. 


In the second set, beakers Nos. 12 to 15 had to be enclosed 
and connected To the fume flue, as the acid was boiling, and 

ivjm'P'fCP- ' 

The claims made for this type of concentrator arc—(1) ease 
^nd'sspccd of construction; (2) low initial and maintenance 
coit; (3) fuel economy; (4) continuity of working; (5) no 
^tcam jets or fans to creat^ draught; (6) water white quality 

of acid. . 

* ♦ 

According to information .supplied in May 1921, upwards 
‘of 1250 s-ton units have been suppljed to acid manufacturers 
all over the world, including the large Government and trade 
explosives factories in the United Kingflom and in the Colonies, 
France, -Italy, Amqrica, Japan; Russia, Mexico, etc., for the 






Fic. 5a. 
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concentration of chafer acid, rcconceptr'ation of residual acids 
from nitration procci^cs, S*id •recovery*' of sludge acids from 
mineral oil refining. * 


Obsidlanite Sitings for (Tascade Plants. 

The u.sc'of" ob.sidianite’’fur the fire-afid acid-proof seatings, 
side slaljs, and covcr.s, ha.s''contril.Vitcd towards the success 
of the vitreosil ca.scadc system. This material is manufactured 
by Me.ssrs Charles Davi.son & Co., Kvvloc Barn, Chester, and 
has been used e.xtcnsivcly in many chemical works, with 
satisfactory results. Obsidlanite is a hard, vitreous, non- 
ab.sorbcnt material, impervious to acids of all kinds, and very 
durable and dense. An analysis supplied by the makers is 
given below:. 


Silica (free and coinliineil) 

79-1 

Alumina. 

. 15.2 

Iron oxide .... 

3'5 

l.iine. 

1*2 

Magnesia. 


Alkalies. 

trace 

Organic inalter, loss, etc. . 

07 


100-0 


In addition to its acid-rcsistiwg ipialitics, obsidlanite will 
also withstand temperatures of 1500", so that it is very suitable 
for use in sulphuric acid concentration pkuits of bill types 
(sec pp. 200 and 223). 

Sketches of -the various types of seatings for use in 
conjunction with vitrco.al basins are shown in Figs. 51 and 53. 
in order to withstand the intense heat of the firc-g.ases in 
the kryver portion of the flue, the first three or four rows 
ol i}.eatings arc made with closed bottoms, followed by a 
f6w rows of perforated seatir.gs to permit of a more intimate 
contact of the fire-gases. These, in turn, are followed by a 
number of rows of open seatings, to allow of the full effect of 
til? heat of the flue-gases to act ort, the basins. The top 
covers are fitted with lifting holes, so that they can be removed 
readily ‘whenever required. The fume pipes are also constructed 
of obsidiapitef 
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I 

I^Oid-{^8iftlDg £-(^11. 

Within the last tt^elity years ferrosilicon has become a 
very important material fot the prodhction of acid-proof vessels 
oQill kinds, and is now ejn[)<oycd extensively in the concentra- < 
tion 9f sulphuric acid. 

In 1900, A. Jouve of I’aVis, whilst engaged in the analysis 
of samples of ferrosilicon, noticed that, with certain percentages 
of silicon, the material was unattached by acids; thereupon 
he commenced research work on the preparation of acid- 
resisting metals, and in 190,3 took out a patent covering the 
use of ferrosilicon alloys' (Fr. P. 330666). In 1907, Jouve 
announced that he had overcome most of the difficulties of 
manufacture, and commenced fo produce vessels made of an 
acid-resisting material, to which he gave the name “ metillurc.” 

According to lloffinann," this alloy resists the attack of 
all acids except hydrofluoric acid. 

In Germany the so-callcd “ ncutraleiscn ” has been put on 
!he market by Kru[)p and other firms; and in Italy Ro.ssi 
has developed the use of ferrosilicon alloys under the name 
of “elianite” for the concentration of .synthetic nitric acid. In 
England these alloys are .sold under the names of tantiron, 
ironac, and narki metal, and as duriron in America. 

The corrosion of ferrosilicon alloys has been studied by 
Kowalkc in America." Hut it i% to be regretted that these 
experiments were carried out at ordinary temperatures, and 
not at the boiling-points of the various acids. The figures for 
a 10 per cent, solution of sulphuric acid are given on p. 119. 

These figures show that an alloy with less than 12 per 
cent, of silicon docs not offer a satisfactory resistance to corrosion. 
"Between 12 per cent, and 13 per (font, the speed of attack falls 
very Rapidly, and reaches -a minimum between 16 to 18 per 
cenj.; but above 19 per cevt. tends to increase again. 

• According to.Jouvc,'* the composition of “metillure” varies 
from 15 to 20 per cent, of silicon. A sample with 20 per cent, 
silicon, when heateVi for two months with 36° Tw. sulphuric 
agd, lost only 0 06 per cent, by weight. 

‘ J. Sot. Chan. Inti., 1903, p. 10S6. “ Ckem. Ind., 1911, p. 241. 

» Amtr. Electro Soc., 1917, p. 206. ^ ^ 

' J. Iron. arUt Steel Inft., No. 3, 1908 ; Faraday Society, 23rd June 1908. 
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I- 





• rcrceutajtfl of lo* ^flcr 


Si. 


4 





sq. cm. 








51 hours. 

hoflTH. 

141 lO^A. 

22 tluys. 

‘2U days. 

2-5 

157 

1-6 

4‘ 

•J 

• 


3-3 

21*9 

(.4.9 

• «7-5 

9V 



7-4 

11-5 

31*0 

48-9 

02-O 



9-9 

12-7 

10.7 

H)'8 

23*1 



IM 

13-0 

5-0 • 

8.8 

. *3 ' 

4-’'5 

73-1 

12-4 

9-2 

1*2 

2-1 

V 2-4 

4.6 

14.2 

13*6 

i(i -6 

0-2 

• 0-(>0 

0-90 

2-0 

3-4 

14*8 

l8*o 

0-03 

0-05 

0-05 

005 

o-os 

l6*i 

10-2 

0-03 

0-04 

0-04 

0-04 

0-04 

17'3 

11.9 

0-03 

0-03 

0-03 

0-03 

003 

19-8 


0.13 

0*20 

0-25 

O-fX) 

0-70 


Thc equilibrium curve between the solid and liquid phases 
in these alloys has been studied by Gucrtler and Tammann ‘ 
who have shown that from o to 20 per cent, silicon, the mixture 
is con.stituted by mixed cry.stals of iron and silicide of iron 
Fe^Si (Fe^jSi = 20 per cent. Si). They have also studied 
the fusion of the.se alloys; but (or more rccxnt data .see, 
Sanfourche- 

According to S. J. Tungay,^ in addition to the serious 
difficulties presented by the considerable .shrinkage of these 
non-corrosive iron castings during cooling, which amounts to 
in. per foot in each direction, as compared with about 
i/j in. in the case of ordinary cast iron, the presence of 
“ graphite ” in any considcrifblc quantity causes disaster. The 
carbon ajj^d phosphorus content of the iron must also be low, 
otherwi.se, during ^le pr(jcc.s.s of cooling, these comperunds may 
tend to separate out and form eutectics, the separated compounds 
resulting in pellets, which are found in small blow-holes or 
cavities in the thickness of •the metal. No satisfactory re'-'.nlts 
were obtained until the adoption_ of the electric furnace for 
large scale production. By means of suitable furnaces *fid by 
improved manipulation in mixing*the metal, these difficukics 
have been overcome largely, and it.is possible*now to produce 
an excellent acid-resisting iron on a commercial scale, Tungay 
gives the following physical constants for acid-resisting iron^ 

• • 

' if. anorg. Chem. {Tram.), 47 ,163 ; Rev, Met. {Trans.), 1908, 6, 550. 

’ Rev. Met., 1919, le, 217-224 j /. Soc. Chem. Ind. {Aistr.), 1919} p, 775. 

* J. Soc. Chem. Ind. {Twani.), 1918, p. 87. 




120 


CONCENTRATION IN (^4SCADES 

as compared with casf iron; but soige 'doubt has been thrown 
.on this comparison.*’ I ‘e • * 


• 1 « 

c 

((Rst Il^n. 

Acid*ro8istlug Iron. 

• 

density 

Tens*le strength (tons i>er sq. in.) 
Meltiiig-i)oint . . . * . 

Hardness. I . 

Heat conductivity . . . •. 

Electrical*rcsistaiice .... 
Contraclion per foot in c:isting . 
Crushing strength .... 

^7*3 

9>io 

1150“ 

24 

10 

' s 

3/32 

40 tons 

6-8 

6-7 

1200“ C. 

35 

8 

10 

9/32 

34 tuns 


The heat-transmittinfT power of acid-resisting iron has been 
calculated to be nearly ten tjmes the heat conductivity of 
stoneware or quartz, and about twice that of lead. A serious 
drawback to the utilisation of these alloys is the fact that they 
arc very brittle, and so extremely hard that it is impossible 
to machine them, except by grinding with high-speed abrasive 
wheels. An interesting account of the historical development 
of the ferrosilicon alloys and a study of their acid-resisting 
properties is given by Matignon.- The analyses of various 
alloys produced in various countries in 1913 are given, together 
with .some more recent analyses. 



(Fraiicd). 

Eliaiiitn I 
(Italy). 

Ktianiti- II 

1 

Ironac 

(Kiiglftiid). 

Duriron 

(America). 

Super- 

neutral 

(France). 

Si , 

16-92 

15-07 

15-13 

13-16 

15-51 , 

14-56 

Fe . . 

81-05 

82-40 

80-87 

83-99, 

82-23 

82-94 

Mn. 

0-88 

0-60 

0-53 

0-77 

0-66 

0-74 

Ni . 



2-23 



A 1 . 

0-25N 






C . . 

0-592 


0-82 

1-08 

0-83 

1-20 

P . 

0-173 

O-OI 


0-06 

o-of 

0-78 

0-05 

0-57 

0-01 

wteo 

0 0 
6 6 

Sp. gr. . 

6-71 

6-87 

7-14 

6-71 

6-94 

... 


t Vhe introduction of 2 percent. Ni in Elianite II improved 
the resistance to acid. Analyses were carried out in 1913; 
since that'date the''composition of ironac has been improved 
by reducing the carbon content and increasing the percentage 
of*silicon. 

■ ‘ ‘ H'ineWey,/. Sac. CAem,/nd. {Trans.), igiS, 

’ Qhtm. Ind., 1919, pp. 12^3-130!!. ’’ 
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Sutor' gives 

the following analyses 

for tantiron and 

duriron:— 

• Tantlro^. 

Duriron. 

Si . 

. , i4*to 15 

14. *0 IS 

Mn 

2-00 „ 2'5 

25*., 0-35 

C 

• 0-7C „ 1-25 (g.aphitc) 

0'2o „ 060 (total^ 

P 

0 

6, 

0 

0 

0-l6 „ 0-20 

S 

6 

0 

6 

0-05 


The duriron contains less graphite, and hence its mechanical 
properties should prove superior to tantiron. 

G. Varley (in a private communication to the author, July 
1921) gives an analysis of narki metal, as follows:— 


Silicon 

Carbon 

Sulphur 

Phosphorus 


14 per cent, 
t 

0'032 „ 
0044 „ 


Borchers and Monnartz (Ger. P. 246035) de.scribc an acid- 
proof alloy of chromium-iron containing 10 per cent, chromium 
and no carbon, wfith 2 to 5 per cent, molybdenum. , 

W. & R. Borchers (Ger. Ps. 265076, 265328, 278902, 278908) 
prepare excellent alloys capable of being mechanicall;^ worked, 
from nickel, cobalt, tungsten, molybdenum, and the metals of the 
platinum group. 

Grimshaw" prepares very strongly-acid-rcsisting alloys by 
first alloying 40 parts cobalt with 60 parts tin, and dissolving a 
sufficient quantity of this in'eopper to obtain alloys of 80 to 95 
parts copper with 20 to 25 parts cobalt tin. 

Ro.ssk (B. P. K1730, 13th December 1918) prepares alloys 
containing 13 to 15 per cent, silicon for en.suring resistance to 
chlorine and to nitric, sulphuric, and acetic acids; or 20 to 21 
per cent, silicon for ensuriiw rcsi.stancc by hydrochloric ecid, 
by means of the electric furnace, and removes impurities by 
crystallisation by cooling to not below 1400“. The streft^th ef 
the alloy is improved by the addhion of small proportions pf 
fluxes—such as iron sulphate. 

Kowalke* prepares copper aluminiuimiron bronzes with 

' S/aA/ u. Risen, 1917, P- 309. 

* Chem, Eng., 17, No. 2 ; Khem. News, 1913, p. 283. 

“ J. Soc. Chem. Ind. {Ahstr.), 1920, p. 787. 

* Chem. and Met. Ragy 1910, 22, 37-38; J. Soc. Chem. Ind.'(Aistr.), 

920, p. 158. * ' > '• 
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satisfactory mcchani^^l'properties, whiph 'are resistant to acids. 
An alloy having the 4 ompoi'.iti®n. Cu 8^ per cent., A 1 9 8 per 
cent., “ iron alloy ” 3' il per cent;, ii^ particularly resistant to 
sulphuric, phdjj'phoric, taVayc, and acetic ^cids ; but is attacked 
by hydrochloric acid and ammonia, and at a very rapid rate by , 
nlFriCjacid. * 

Parr* (U.S. P. u 15239) describes a chtomium nickel copper 
alloy called “ illium ” as a .substitute for gold or platinum. The 
alloys withstand hot or cold, strong dr dilute, acids, and can be 
cast and machined. 

Clement^ (U.S. P. 1333706, i6th March 1920) describes an 
acid-resisting alloy containing Cr 60 Fe 39 2 to 397 and C 0 3 to 



Fig. 54. 


0-8 per cent., the carbon being present as a cavbide of Premium 
and iron. 

Irmann’ describes the preparation of nickel copper alloys 
resistant to sulphuric acid. The iT|aximum resistance is found 
in the 50 per cent, alloy. 

• Tah'tiron is manufactured bv the Lcnno.x Foundry Co., 
4 d.‘ at Glenville Grove, Net# Cross, London, S.K., as a hard, 
close-grained alloy, melting, at about 1200°; not rusting, not 
oxidising, and not attacked sensibly by the ordinary corrosive 

, ' J. Soc. Chem. Jnii., 1914, S8, n6i ; 1915, 84 , 1097 ; Mininf; Journal., 
87th December 1919. » 

* J. Soc^Chem. Ind. {Abstr.), 1920, p. 520. 

’ Mettall. u. Ers., 1917, pp. 21-30, 37-42 ; A, angew. Chem., 1917, Ref. 
110; /. C/arw./nrf., 1917, p. 928. , * ' 
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substances. Castings valuing from a few, punces up to many 
tons in weight can be mfftJe of it, andiit ha,slbeen used extensively • 
for many purposes * throughdut the tclfcmical industry, and 
especially in the concentration of.si^phuric agcl. Fig. 54 
•shows the types of evajjprating basiij used. The use of th^ 
larger vessel is recommended by the makers, according to rrjiom 
twenty-one 12-in. basins evaporate the same quantity of acid as 
one 36-in. corrugated pan, and boklr expose the same heating 
surface (7 sq. ft.) to the fire*ga.ses. 



For at 

For 1 


Small Ituiilim. 

ran. 

The surface exjK>setl to corrosive action is 

bq. in. 

1374 SI], in. 

The loial acid in circulaiion .... 

47s 11.. 

221 lb. 

The total weight of ba.sin.s .... 

210 Ih. 

19C IK 


I’cr ton of acid concentrated, the large pans take 20 per 
cent, less fuel, and reijuire less labour. 

Owing to the low tensile strength of fcrrosilicon alloys, 
it has been found impossible to make bolts, nuts, oT screws, 
etc., to replace those made of steel; but Mc.ssrs Lennox 
Foundry Co., Ltd., have succeeded in producing a “Tant- 
Copper” alloy, which, while it is equally resistant to attack 
from all ordinary acids a* ferrosilicon alloys, is as easily 
machined as bronze, and has a high tensile strength. 

NarkiXnetal is^fnanufactured by Messrs John Varicy & Co., 
Ltd., Waterloo Foundry, St llelen.s. Although of more recent 
date than the other ferrosilicon alloys, narki metal has succeeded 
in obtaining a very wide apijlication in‘the chemical industry, 
as it has the distinctive property that all flanges and joints 
can be machined in the lathe. The qualities demanded of 
a satisfactory acid-resisting matcrjjjl are many and various. ^ In 
addition to its acid-resisting properties, it must have sufficieiA 
strength, tensile and transverse, to withstand rough usage, and 
must be proof against cracking under s’uddcn changes of 
temperature. It must Ije capable of being machined in the 
lathe, and of withstanding the strain to which it is subjected 
when the bolts are tightened at the joint.s. At the sime time 
it must be of such a ^atbre that it can be cast into vessels of 
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the desired sizes apd shapes. In short, it must possess as' 
•nearly as possible thimedtanical propferties of cast iron, with 
the additional quality\ffecid resistance approximating to that 
of porcelain *#nd other\ragile matefial of a similar nature. It 
i^claimed by the makers that all t^iese demands have been* 
met by “ narki ” metal. 

One use to which “ najki ’’ metal has been applied with 
good success is in connection with the ca.scade system of 
concentrating plant. The usual size of the basin is 12 in. 
diameter by 6 in. clcep; but the larger .size, 36 in. diameter by 




Fig. 55.—“Narki" Metal Basins, 


7| in. deep, is also used extensively, and gives a much larger 
output (see Figs. 55-5S). 

Ironac is manufactured by Haughton’s Patent Metallic 
Packing Co,, LteJ., 30 St Mary-at-Hill, London, E.C., and has 
had a wide applicatie^i in all types of sulphuric acid con¬ 
centrating plant, but e.specially in Ithe cascade rectifying plant 
(seep. 136). 

•"‘^ Hartmann and Henkcr' describe a cascade plant in which 
tte '{jorcelain di.shes (sec p. {02) are replaced by special acid- 
resisting iron vessels made by the A. G. fur Bergbau und 
Eisenhuttenbetrieb‘at Kattowitz (Silesia)—see p. 118. The 
eight lead pans employed for the preliminary concentration are 
arranged in two sets of four each, heated by the waste fire-gases 
of the (;ji>.cadcs. The pans are made of a special acid-resisting 
<. ' Z. angew. Chem.f. 1909, pp. 395-97. 
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description of lead •[“ krellblei ”), in' which the acid can be 
brought up to 152° ta K5 *‘*Tw'. without any considerable wear 
and tear. Iji a privat(*ammunicatidn tq the author (June 1921) 
Messrs Benker and IVWlllfcrg state that they add about 0-2 
T«r cent, of copper to !(ie ^cad uscci for the lead pans. The' 
“ nefitraleiscn " dishes are 320 mm. wide at the top, and 165 



Fig. 57. —“Narki” Metal Cooler. 

c * 

mm. deep, and 'arc place4 ^n fire-clay ring.s, in two parallel 
rows arranged in,ca.scade form, and heated directly by the 
fire-gases from an ordinary coke-gas producer. Fused silica 
dishes (see p. 108) have also been usad, with good success, and 
have reglaced the “ ncutraleisen " dishes to a large extent. For 
a detailed description of this plant^ a^ erected in 1911, see 
our fourth, efiition, pp. 1176-1178. 
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Mackenzie* (B. R«2389 of 1912; B. P. 6415 of 1909) con¬ 
structs a cascade plafct, u.'Sng' vessels' of the shape shown 
in Fig. 59. ^ \ ^ 

W. Mason# desciibe^a * capsule”'^ plant comprising six lead 
:g^s and forty fu.scd silica* basin.s, ip which 4 tons of 95J • 
per ocnt. H,,SO^ were produced from 65 per cent, feed acid 
per twenty-four hours, at a {ost of 6.s. 4ld. per ton. The exit 
gases take only 2 23 per cdnt. of the acid away, as against 
15 per cent, in the glass retort 
system. With a forced draught 
furnace, too high a temperature is 
produced in the lower part of 
the plant, causing bumping and 
brekking. 

A. Marshall ■’ .states that the 
breakages in fifteen factories arc 
under 5 per cent, per annum, from 
all cau.ses, and the fuel consump¬ 
tion 17 per cent, of the weight of 
finished acid. 

F. Brown and the United 
Alkali Co., Ltd., Idverpool (H. I’. 1S3, 9th October 1916), 
describe an improved form of basin with two spouts. The 
inlet spout of each basin rests on the edge of the support of 
the basin next above, and the ou^ct spout rests in the inlet 
spout of the basin next below. 

- Moss'* states that the fuel consumption, on a cjntinuous 
cascade plant of stepped basins is about 25 per cent, of the 
weight of conceiftrated acid produced. Gas firing is preferable, 
as it can be regulated easily, aiid the working of the plant 
is not upset by the cleaning of *che fire. 'I'he maintenance 
of casf:idc i)lants is heavy,’as the breakages of basins means 
tlial, the hot acid falls into /he brickwork of the flues below, 
"fnesc tend to gat distorted in time, and cold air is drawn in, 
with loss of efificiency. The impurities (chiefly iron) contained 

. ' Chem. Trade /., 1912, p. 459. 

Met. and Chem. Eng., 1915, p. 17 ; J. Sft. Chem. Ind. {Abslr.), igtS, 
84 , 135. ^ 

’ JUi., p. 136 J / Soc. Chem. Ind., 1915, 350. 

* J, Soc.Chtm. Ind. (Trans.), I9i8,<p. 68. '' 

^ t f 
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in the acid are depositi:d,in the basins ii| the form of crusts, 
which tend to cause the acid. to b«mp, ^nd ultimately crack • 
the basin. * 

C. Stoffmchl (Fr. P.*46o527; Hclg. Dt' 258323 (jt 1913) con¬ 
centrates sulphuric acid in a set of fu^d silica dishes, placed^ 
partly inside, and partly outside, of a tower made of acid-pfoo! 
material, in such a manner that thc^ arc heated consecutively 
by the fire-gases. The dishes placcdanside the tower arc fed with 
the acid previously concentrSted in the dishes outside th 5 jfower. 

W. K. Lewis ‘ describes experiments of the heat-transmitting 
capacity of fu.scd silica dishes. Solutions of boiling-points 
ranging from 100'C. (water) to 240° C. (zinc chloride) were 
evaporated in a silica di.sli .set in an ordinary gas crucible 
furnace, and the heat consumption calculated from the quantity 
of water required to keep the volume of solution constant 
during evaporation. 

In the concentration of sulphuric acid in silica dishe.s, it 
is recommended that a thick fuel bed be used with insufficient 
air for complete combustion, and with injection of .steam, if • 
neces.sary further to reduce the temperature to which the 
dishes set directly over the fire are cxpo.sed. The.carbon 
monoxide or water-gas produced is burned by introducing air 
along the flue, which is packed with heat-conducting refractory 
material to facilit.ite radiation. In this w.ay breakages are 
minimised, and a very regul^ir temperature maintained along 
the flue. 

CarmiGjjael and Guillaume - ( 15 . P. 15678 of 7th July 1913) 
describe an improved form of basin fitted with a deflector (see 
Fig. 60), which is detachable from the basin, anrl consists of a 
half tube of .semi-circular cross-.section, curved so as to lie with 
its edges against the sides ol «he basin, from nearly the bottom 
up to, and beyond, and overhanging, the lip of the vessel. In 
ordinary practice, without a deflector, the acid from the*basini'°^ 
above flows on to the surface of tl^ one next below it; pasSe.-* 
across the surface and over the lip fcf the basin. In this way 
the bulk of acid is not properly displaced, ai'id gives rise to an 
accumulation of iron salts, which are very difficult to remove,, 
and increase the difficulties of working the plant. The defleetdr 



compels the densgjcid from the poAom of the basin to be 
forced over the overflow» 4 o thg nexttbelow it in the cascade, 
and thus disturbs aX (^eposit of hpn salts, which are therefore 
kept in mdyement, a/1/ descend tkroit^h the cascade into the 
cooler at the lower cnc' whence the iron salts may be remove^i 



Fig. lo. 

easily. The device may be made in fused silica or any acid- 
t resisting ware., 

According to information supplied by Messrs Benker & 
Millberg (May 1^21), the French manufacturers employ almost 
. exclusively the Kessler and Gaillard systems of concentration 
{see pp. 168 and 195), and use the cascade system only when 
a quit.c pure water white acid is required. The present arrange¬ 
ment of thf plant is shown in fig. 6 e. ^ 
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Two parallel rcm« of rectangular ^i^uartz dishes are arranged 
in cascade form, so that tlft; acid overflows from the lip of each 
upper pan^ and runs^ into thc'ncSit lower one. No fireclay 
•supports ar» u.scd, anc\ the di.shes Vest on the sides of the fire 
Jlue, and arc directly c^jo^ed to the,hcat of the gases. In th« 
drasving, an ordinary type of fire-grate is shown, together with 
a small subsidiary grate foj heating the preheaters, but a small 
ct'kc j;as-produccr is prcfelablc. The first four quartz vessels 
(1000’mm. X 400 mm. XI 50 mm.) .serve to preheat the acid, 
and arc uncovered, as no fumes arc evolved at this stage of 
the process. The concentration proper is carried out in twelve 
quartz vc.s.sels (610 mm. x 310 mm. xioo mm.) enclosed in 
a volvic chamber, from which the vapours arc drawn off by 
means of a Kestner fan, and 'pass, first through a cooler, and 
then through a coke scrubber to remove the traces of acid 
mist. The acid condensed in the scrubber varies in strength 
from 35 to 65 '’Tw., and is run back again into the feed acid. 
The concentrated acid leaves the plant at strength of ibS^Tw.; 
as it comes in contact with quartz only during its passage 
through. the plant, it is as clear as water and free from 
impurifie.s. 

I.eilch (B. I’s. 1495 and 16001 of 1915; U.S. P.s. 1257894, 
1257895 of 1915) concentrates sulphuric acid in a continuous 
cascade in three stages; fir.st in lead pans up to 75 to 80 
per cent 11 ,^ 80 ^; then in intermediate vc.s.sels up to 85 to 90 
per cent.; and finally up to 96 to 98 per cent, in iron pans, 
separately enclosed in a muffle type of ^furnace<'under and 
over which the hot gases arc circulated. The vessels inter¬ 
mediate between the lead pans, which arc preferably open, 
and the iron pans, 'which are ^separately enclosed, may be 
of silica, glass, porcelain, or any Ilcid-resisting alloy capable of 
.^.withstanding acid of this Strength. These ves.sels are enclosed 
in,order to recover the dilg|c acid carried away by the vapour. 
*At a suitable devel above* the uppermost of the lead pans, 
reservoirs arc placed for *the weak acid to be concentrated, 
from which the acid flows down towers which preheat the 
'acid before it is fed to the lead par^. The iron pan in which 
the final concentration takes place is closed by a suitable cover, 
so th«tt*’the hot vapours arising from the pan are collected and 
led to thf S;owers, which are placed mV)re or less directly over 
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cent. H2SO4) is required. »An increase in the output of the plant 
is obtained also, so th^t the greafteV flow of acid through the basins 
tends to reduce the fopnafion of deposits, and, in cpnsequenee, 
to reduce the number of breakagae and the time spent in 
tleaning operations. Irregularities in pe life of the iron pans 
are very frequent, and may be attributed to (i) variation in 
the material of which the pan is niadc; (2) irregular firing of 
the furnaces (this does no^ occur Tvith gas or oil firing, to thu 
same extent as with coal firing); (3) occa'^ional carelessness 
in running down the acid too weak into the pans, thus throwing 
too much work upon them, in addition to causing corrosion. 
(One disadvantage of the use of iron pans at the bottom of 
the cascade plant is the fact that, in the event of the plant 
standing idle at any time, the’surface acid ab.sorbs moisture 
from the air and causes corrosion at the liquid air line, owing 
to the formation of weak acid.) 

Fig. 65 shows the general arrangement of a typical standard 
cascade plant, fitted with an iron pan at the bottom for bringing 
the acid up to 96 per cent. H.^SO^. The acid level in the pan 
is maintained at about 6 in, depth, to prevent silting up witji 
iron sulphate, which reduces the efificiency of the plant. The 
pan is fitted with a separate fume pipe of lead-covered earthen¬ 
ware, or, preferably, of a fcrrosilicon alloy, and the vapours 
are condensed separately. The condensed acid flows through 
a Twaddell jar, and the st*ength furni.shcs a .sound guide to 
the working of the plant, so that the firing and flow of acid 
can be r(%ulatcd 40 obtain a continuous run of high-strength 
acid. 

Fig. 66 shows the type of cast-iron pan ard cover supplied 
by Messrs John Varlcy & (,io,. Ltd., of St Helens, Lane., for 
the concentration of sulphuric acid. The internal dimewsions 
of the pan are 7 ft. 2i in. long 'by 2 ft. iij in. vwde by 
17J in, deep, and 4 in. thick, vvitjj an inlet and an outlet/or 
the acid, and an outlet on the cove r /or the fumes. Such pans 
are employed very extensively for%the final concentration of 
sulphuric acid in cascade plants. 

According to the Alkali Inspectors Report for 1915 (p. 73); 
the advantages derived from the introduction of cast-iron pans 
into the bottom of a cascade plant are two-fold. In the first 
place, an increased pfoducFoit of acid i.'^ obtained; secondly, 
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the greater flow of* acid through the bisins tends to retard 
sedimentation, and there *are fewer brSak^ges in consequence, 
and less lojs of time spent in clctfning operations. 



Ironac Cascatie Plant. 

An ironac ca.scade concentrator (Fig. 67) illustrates the 
Haughton-Tungay system of improved cascade concentrator as 
constructed in ironac (B. P. 114072 of 23rd May 1917'). This 
is a modification of the ca.scade system, consisting of a series 
of rcftangular preheating trays made of ironac metal, for the 
gr.adiu^l heating up ,of the- cold acid to be concentrated. The 
run-off from the trays is arrajjgcd alternately right and left-hand, 
to increase the travel of tljeiacid, and hence the time of contact 
with the flue-gases; the trjtys are not covered, as no fumes are 
evolved in this portion of the plant. The acid from the trays 
■passes through a connecting-pipe iqto a run of small ironac 
basins of semi-spherical shape, each 300 mm. diameter by 150 
mm. derep, and having an outlet lip. The upper edges of the 
• ' /. Chem. Ind. ({ 4 bslr.), l^liS, p. 266A. 
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basins are corrugated' to facilitate the»free expansion and con¬ 
traction of the metal, anc! als6 to pre?>reqt any loss through 
the frothing, of the acids during 'coAcenf ration. 

Fig. 67A shows an improved basin, fitted with a baffle placed 
around the outlet, so tha| onV the strong acid from the bottom • 
portion of the basin is allowed to 
eSCape. A fume flue is formed over 
the basing by means of acid-proof 
slabs, and the fumes evolved during 
the concentration process are drawn 
away to suitable condensers. 

With a view to reducing floor 
space and obtaining higher efficiency, 
a visible type of cascade plant has been designed, and a number 
of in.stallations are working with considerable .success (Fig. 68). 
The main feature of the plant consists of twelve shallow ironac 
pans, each 3 ft. diameter, and each having a separate cover, fitted 
.with a fume pipe leading to a common flue for conveying the 
fumes to a scrubber. In this way the plant is open practically 
always to view, and temperatures can be taken from each of 
the pans regularly. It is claimed that much less floor space 
is occupied by this system, and a higher efficiency obtained. 
Dealing with cold sulphuric acid of O4 to 65 per cent., and 
concentrating up to 93 to 94 per cent., this plant will produce 
10 tons per twenty-four hours finished acid, with a fuel 
consumption of 12 per cent, of the weight of acid produced, 
according to information supplied by the makers. *■' 

A further modification of the cascade system by Tungay 
consists of a sciies of corrugated trays or plates, over which 
the acid in course of 'conccntratiiin slowly ripples throughout 
the length of the plant. The trayS arc set in special fire-brick 
settings over inclinod flues, to allow of gravitation of the 
acid whilst in the course o( concentration. The noticeable 
feature with thi& plant is. fnat very little weight of acid is 
contained in the plant dud.ng the actual period of treatment; 
whereas, with the system described above, a very considerable 
Quantity of acid is retained always‘in the plant itself; this 
fact always presents a certain amount of difificulty whenever 
breakafe or the necessity of replacing a vessel occurs. This 
rippling caAade typf^ is -said t<I l^c a v^ry efficient design. 
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According to th6 51st Alkali Insptstor's Report for 1914, the 
use of the cascade systerft for" the coilceijtration of sulphuric 
acid was expended during the year. *It i^, important to maintain 
a proper relation between J:hc draug'ht in the fire-flue and that 
in the fume flue. In several ca.ses«.an undue c.scapc of acid* 
vapburs was caused by the fact that the draught in the fire-flue 
was stronger than in the otlw;r flue, so that the fumes went into 
thc^iipney instead of goin| into the condenser. 

The following remarks on the cascade system are made in 
the 52W Alkali Inspector's Report for 1915:— 

For the efficient and satisfactory operation of the cascade type 
of concentrating plant, it is cs.sential that: (i) ^ greater draught 
should be given, to the flue le,ading the evaporated gases and 
vapours towards the condcnser.’i than is given to the fire-flue 
leading the fire-gases to the chimney ; (2) excessive local intense 
heating of any section of the cascade be avoided ; (3) adequate 
means for the condensation of the acid vapours be provided. 

Sufficient draught on the fume flue ensures the proper 
removal of vapours of evaporation ; it thus increases the amount 
of.work done by the plant, and at the .same time prevents the 
objectionable acid fumes from being drawn into the fire-flue, to 
pass thence by way of the chimney into the air. Intense local 
heating leads to b.adly balanced ev.aporation ; to dissociation 
of the .acid, with a consequent undue formation of fume; to 
violent ebullition in some of the v^s.sels, leading to breakages, 
entailing further formation of fume accompanied by general 
deterioration of the plant. Adequate condei\fers are*fiecessary, 
in the interests of the public, and arc practicable on all such 
plants. From e.xpericnce gained in the past, the tables on 
pp. 141, 142 have been tompiled for,.the information of those who 
have t® do with the erection and oiicration of the.se plant.s. 

Accirding to the. Inspector's Report for 1915 (p. 93), 
exjjeriments made in coverifg over with sheets of asbestorite 
the open silica usually‘installed in one type of cascade 
plant have shown consioierablc increase in the temperature 
and strength of acid, as compared with the preheaters exposed 
to..air currents. The ,actu.il mean figures were:— 

Exposed : strength of acid entering and leaving preheaters 116" and 118° Tw. 
Covered^ „ „ u „ n6° » i- 4 ° » 

* ,. Diffcrenci' 6^ Tw. 



COMPARISON OF CASCADE COfKENTRATOBS HI 








142 * CONCBNTRATION IN CASCADES 



lese figfures represent actual practice, arfd should not be taken as anording a standard of excellence, as in many ca 
has shown that increased condenser space has been found necessary {Alkali Inspector s Report^ 
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The Syd Alkali hh^ector's Report jpt 1916 contains the 
following remarks on ^le caspade fjlant. 

Of the various t^pes ct concentrating plant the “ Cascade " 
system was the most Numerous, and the most varied in design. 
This type lends itself moje readily <lian others in* use to undue 
escape of fume through faulty design and construction^ or 
through over pressure in production. 

The high acidity of exit-gases i»ay be traced to one or mjye 
of three causes: (i) cxcS.ssive boiling in the lowef,basins, 
due in some instances to bad constructional details; in others 
to an attempt to over-drive the plant; this excessive boiling, 
especially when there is a deposit of iron sulphate in the basins, 
causes ejection of acid, and even breaking the basins, with the 
result that the acid finds its way into the fire-flue; (2) insufficient 
size of scrubbers employed for dealing with the exit-gases for 
the plant; (3) insufficient draught on the basin flue, so that 
a portion' of the gases passes downwards into the fire-flue 
instead of going to the .scrubber. 

The 54/// Alkali Inspectot^s Report for 1917, refers to the’ 
advantages of careful firing in cascade plants, and mentions one 
large installation where coal firing by means of mechanical .liokihg 
gave excellent results, due to equable heating and the minimising 
of temperature fluctuations so detrimental to the basins, and 
which is due to intermittent admission of exce.ss of cold air. 

According to llullctin 184 of the Bureau of Mines 135), 
since the development of Ased silica basins there has been 
a more general adoption of the cascade system of concentration 
in America, and several plants have been erected. The largest 
is at the Davi.son Chemical Co. at Haltimore, Md. 

January’-June 1918. 


Factory. 

• 

rro'liictioii. , 
Tons 



Craiglcith 

9 

4.405-9* 

8.3 ^ 

91-7 

LilhcrlaniJ (Jun.-May) . 

6,737-0 

9.1 

90*9 

Oldbury (Jun.-FeK) 

1 , 128-0 

f 5-0 • 

95-0 

Pcnrhyndcudraclh 

2 , 510*9 

8-9 

9 I-I 

Pembrey (Jan.-Ajjril) . 

, :, 640-3 

12-4 

87*6 

^)ueensfeiTy (lan.-bcb.) 

5"-3 

9-6 

90-4 

Average 

• 

1 16,933-4 

8-9 

9 I-I 
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The figures on preceding page on,fti6 efficiencies of cascade 
■ concentrators have been ^tracked frojp the Second Report on 
Costs and Efficiencies for H.M. Factories, issued by the Depart¬ 
ment of Explosives Supply, Ministr;f of Munitions (p. 63). 

# 

^ Concentration in Iron Vessels. 

The bcliaviour of cast (end wrought) iron against suiphurje 
asifl has been described in ^fol. I., p. 239 et seq. 

Above 93 per cent, strength tlierc is very little action on 
c;ist-iron, and hence cast-iron pans arc used frequently for 
concentrating sulphuric acid from 92 to 93 per cent., to 96, or 
even 98 per cent. H^SO^. In .some places they employ long 
pans (about 10 ft. by 2 ft. deep) covered with a leaden dome, 
in which the acid (not below 96 per cent.) is heated to 240° C. 
At one end a stream of heated air is blown in; at the other 
end the acid vapours escape by a lead tube into a lead con¬ 
denser. The constant change of air allows of bringing the 
strength up to 98'5 per cent. At the end of the operation, 

' when drawing off the concentrated acid, enough is left to yield 
acid of not less than 96 per cent, when feeding with ordinary 
acid of 93 to 94 per cent. In other places they employ pans 
with rounded corners, of 6 ft. 6 in. by 3 ft, 3 in. by i ft. depth, 
provided with three necks (one for feeding, two for the acid 
vapours). The joints are made good with a mixture of 
asbestos and silicate of soda solution. Near the bottom there 
is an outlet pipe for the acid. The pans are surrounded by 
fire-flues, which keep even the covers hot. Two ,such pans, 
placed terrace-wise, and weighing about 7 tons, inclusive of 
connections, are, said to produce (from acid of 142° Tw.) 4 tons 
of 98 per cent, acid per twenty-fopr hours, with an expenditure 
of 25 .to 27 per cent, of coals. ' 

Tat -^ mention.s. Dots p-ft. wide, 6 ft. deep, and 2 in. thick, 
with cast-iron lids weighing 11 or 12 tons, in which acid of 
sp. gr. 1-74 is caiccntratcd within twenty-eight or thirty hours, 
to ^ per cent. One suqh pot produces 12 tons of acid. It 
is allowed to settle and cool for twelve hours, so that one of 
- - these pots can be finished every two days. From time to time 
the mud, consisting of iron salts, must be cleaned out; and 
this represents 4 or 5 per cent, of acid lost. 

' J. Soc. Chem. Ind., i894,4>. 208. 
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A detailed account dfVe types cjf castdfon pans employed 
in America is given Jay|Lunga,“and*is abstracted fully in the 
4th edition of this work,^whiSh Should be consulted foj additional 
information. As the pland are noy obsolete, ynly a brief 
' description i.s given below.* * 

In one place they concentrate from f)3-5 per cent, to 98 jKr 
cent. HjSOj in round cast-iron pan^ 3 ft. wide and 2 in. thick, 
with double flange for a hydraulic joint, in which a water-coolpd 
leaden hood dip.s. The hytiraulic flanges arc lined thr^Hghout 
with lead, as they arc filled with weak acid; such a pan lasts 
two months. At another place they have two specially fired 
iron retorts, with a bottom part 8 ft. by 2 ft. section, and 8 in. 
deep, connected by a flange and rust-joint \vith a lid only 
4 in. deep. The fire plays all- round—first underneath the 
pan, and then above it, in a 12-in. wide flue. The 6-in. 
vapour-pipe passes through this. The acid attains 98 per 
cent. HjSO^. When the acid is used only for refining 
petroleum, the pans are heated by heavy petroleum (sp. gr. 0 833 
—the residue from the manufacture of paraffin) injected by a 
steam-jet. 

'1 he travel of the acid through the cast-iron pan is increased 
in the plant erected by VV. Ouinan, by means of longitudinal 
partitions, which divide the pan into three channels. The 
bottom of each channel is bulged outwards in order to enlarge 
the heating surface. The pans are 5 ft. 6 in. long, i ft. 6 in. 
broad, and 10 in. deep. The channels arc 5 in. wide, and the 
thicknc.ss metal^ | in. The duration of an iron pan is from 
four to eight months, and chilled cast-iron gives the best 
results. Small holes sometimes forming at tjic inlet can be 
stopped up by silicate of soda’ cement. «A deposit is formed 
at the bottom consi-sting principally of iron sulphate, jvhich 
is removed regularly every fortnight.., The j)an is cmp%d, the 
cover removed, the outlet closed, aijd the pan filled with water 
and heated to boiling. The crust** which are»somctimcs | m. 
thick, are then chi.selled off. Such ^crusts, of cour.se, greatly 
diminish the heating efficiency. 

The fuel consumption for making 97 per cent, acid is«- 
equivalent to 28 to 30 per cent, of coal, but is used in the shape 
of crude petroleum, sprayed by superheated steam. • The 
' 2 r. *izevi, Chem., 1804 , p. m. • 
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introduction of this system in lieu oj'aicoal fire has not merely 
saved labour, but also increased the ou^ut very considerably. 

Scheur^r-Kestner ^ employs • cast-iron' pans fitted with a 
platinum dome.^ • ' 

Hartmann (B. P. 2839 I'f '879) saturates the acid with irop • 
salts, which, during th« concentration, again separate out and 
protect the iron of the pan ^igainst the acid. 

Menzics (B. P. 3230 of 1883) asserts that .sulphuric acid 
of the‘highest concentration cancontain but traces of iron 
and arsenic in .solution, provided the latter be present as arsenic 
acid, but, according to analyses quoted in the 20/// Alkali 
Inspector’s Report (1883), p. 45, the removal of arsenic is nothing 
like complete. 

In the 2 %th Alkali Insputor's Report (p. 55) Graham’s 
process is mentioned, in which the concentration takes place 
in a scries of cast-iron dishes. It was found that hot sulphuric 
acid in thin layers, in contact with ca.st-iron, tends to di.s.sociate 
into SOj and HgO, so that from a certain point the acid 
becomes weaker, the longer and more strongly it is heated. 
The dis,sociation is caused evidently by the superheating of 
the ff6n, which becomes much hotter than platinum. This 
observation proves the advantage of causing the flame to 
travel in the same direction as the acid, so that the strongest 
acid is not in contact with the hottest part of the flame. In 
such disihes the acid cannot very well be brought up higher 
than 92 to 93 per cent. HjSOj; wnilst in deeper ca.st-iron pans, 
higher strengths can be reached (see p. 144). 

Herreshoff, H. and G. Nichols’ (B. P. 1998 of 1887 ; U.S. P. 
357528) cause- sulphuric acid, previou.sly concentrated up to 
86 per cent. HoSO^, .to flow irf a zigzag canal, whereby it is 
exposed to such a degree of hqat that it is concentrated up 
to 95 f 96 per cent. P'rom here it flows into another similarly 
shaped vessel, heated to sucl} a degree that a half to two-thirds of 
trie acid goes away in the s^ape of vapour, and is condensed to 
acid of 93 5 per cent, nearly chemically pura This process is 
described by Chandler.^ 

' Bull. Soe. Ind, Mulhouse, 1^92, pp. 320-J48. 

See 4th edition, pp. 1165-1166. 

^ /. Soe. Chem. Ind. {Abstr.\ ji8S7, 0, 370. 

I * /. Soe. Chem. Ind., 1^8, p. 2694 
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MacKenzie’s B. £’.*,(26278 of 1904)* is described in the 
Chem. Trade J. of J905, 8^, 106. Acid of sp. gr. i’55 is 
run from a store-t.-yik thiDugh a lead coil, hpated by the 
waste gases from a towir below,^filled with bricks, where it 
is concentrated to sp, gf. 1775 t(? i-8oo by direct contact with 
the hot fire-gases, coming from the* cast-iron pot, whers’ the 
_ final concentration takes place. «I lore hot air, produced in a 
chamber containing cast-iron p/Ijcs, is blown throi^h, whilotf 
the pot is heated externally by the gases coming from 
the air-heating chamber. The temperature in the cast-iron 
pot need not exceed 270°, since the hot air blown through 
is sufficient to bring up the acid to full strength at that 
temperature. 

Hlli.son' (B. P. 17760 of >902) concentrates .sulphuric acid 
in a clo.sed cast-iron pan, within which is a pipe of acid-resisting 
material, of rather less diameter than the pan, and having its 
bottom edge .serrated. Dilute acid is led into that pipe, and is 
concentrated by the heat from the surrounding strong acid. As 
the acid in the inner pipe becomes concentrated, it flows through 
the serrations to replace the concentrated acid in the pan. A 
leading object of the invention i.s, that only concentrateS'aciil' 
shall come in contact with the cast-iron boiler. 

P.vcrs^ (Ger. P. 176369) effects a continuous concentration 
of acids by means of two coils of pipes interposed between each 
other, on the bottom of the pan, through which the liquid passes 
on. The concentrated aciff runs out at the side, after having 
given up^art of Jts heat to dilute acid introduced in the centre 
of the vessel. 

Proelss and Hall ’ (U.S. P. 960702) employ a cast-iron pot or 
boiler, provided on the top with an annular flange and rim ; from 
this a pipe leads to an cxteiKsion with interstitial “ packiijg,” over 
which the weak acid flows on its way to the boiler. A%the level 
of the acid boiling in the pot ri.ses,above the flange, the stronj^est 
acid from the bottom passes ouUand upwards by a tube into a 
second pot placed over the first; hye the acid is made to travel 
over the bottom in a thin layer, and is thus highly concentrated. 
Acid of 98-2 per cent, is itaid to be produced continuously by tbia- ' 
apparatus. 

' /. Soc. Chem, Ind., 1903, 950. * Z. angew. Chem., 1907,%), 1066. 

“ Chem. Zeit. Rep., 1910, 8^ 342. 
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Stange' (B. P. 91'of 190;^; Ger. P. {^8901; U.S. P. 837592 ; 
P'r. P. 372326) concentrates* suljlhuric acid in conical cast-iron 
pans, the sicl^s of which arc heated oiTtsi^, ty means of hot air 
being blown over the surfaq; of the Ifquid. The bottom of the 
pan is cooled, and has a conduit leading to a cooling chamber • 
bemath. In the pan a sttjncwarc vessel with an opening at the 
bottom is suspended, througW which the dilute acid must pass, 
before getting into the cast-fron pans; thus the lighter dilute 
acid floats on the already concentrated acid, which does not mix 
with it, as it is prevented from boiling by the cooling of the pan¬ 
bottom. Therefore the sludge, inevitably formed when concen¬ 
trating sulphuric acid in cast-iron vessels, does not burn fast 
to the bottom, bqt remains in the form of a mud, which is let 
out easily at the bottom without* stopping up the outlet for the 
concentrated acid situated higher up. The e.scaping vapours 
arc condemsed in a Glover tower. 

Friedrich - recommends a cast-iron concentrating apparatus 
in which acid of 106 or 142 Tw. is run on to the surface of a 
farge ejuantity of boiling acid of 142" Tw., and the concentrated 
acid is run out continuously at the bottom by means of a 
siphon "(a fixed tube from the bottom with an overflow at the 
top, is stopped up quickly by mud). 1 Ic proposes to connect the 
bottom of the vessel with an acid egg, serving as a mud collector, 
and to pass the vajjours escaping from the pan through a small 
tower like a Glover tower, fed with chamber-acid to such an 
extent that the gases issuing from it have a temperature of 
about 100° C. , »' 

The Galizischc Karpathen Petroleum A. G. Vorm Bergheim, 
MacGarvey, antPA. Gcllen“ (Ger. P. 271625 of 13th June 1912; 
Austr. P. 60565) concentrate .sulphuric acid in a cast-iron 
apparabis, as shown in Fig. 69, conrsting of a pan (ii) provided 
with an<'nitlct (/) fijL,the concentrated acid, and heated by a 
dir^et fire, a lid (/'), and a hood (c). The latter, as well as the 
lid (^), is heated from the outside by the fire-gases, in order to 
protect distilling Vapours fipm condensation. Pipe (ii) carries 
away the vapours; its lower part is surrounded also by fire- 
-gases. Within the hood (f) there is u set of dishes (/), the 

‘ J. Soc. Chem. Ind., 1907, 26, 967. 

^ Chem. /.eit., 1909, p. 47S ; J. Soc. Cf em. Ind., 1909, 28 , 653. 

’ J. SU. Chem. Ind., 1914, p. 4^3., ' 
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lowest of which rests bf nieai\s of jthe { 5 arts (£■) on projections 
(/») attached to the^id/V‘s of the pan (a). The cover (^) may also 
be shaped in such a wsy that it forms itself the lowcitt of the dishes 
(/). This dish is provided with a central opening, the margin of 
which is lower than th<? outer lip of the dish, so that the acid, 
after being previously concentrated on its way through set 
of dishes, can run away in the ccnifc of the last dish. A current 
of hot air may be aspiratgcl through the apparatus, and several'’ 
pans may be arranged alongside. The weak acid runs through 
i: on to the top dish. All the acid vapours escape through d, 
either into a cooler or into a tower in.'ide of acid-proof material 
fed by cold acid, which is thereby heatial and increased by the 
condensing di.stillate. • 



Morgan (R P. 127652 of 14th May 1917, appl. 6831 of 1917) 
dcscribc.sm small,towcr (4 ft. in diameter), having an acid-proof 
lining, in which is placed a series of shallow lipped basins , 
(3 ft. in diameter), one above, another, alterr.atcly on oppo.site 
sides of the tower on C.I. .'upports, .so as to allow the acid to 
drop continuously into the basin below. Weak acief to be 
concentrated is fed into the top o’f the tower, and, iTl flowing 
downwards from basin to basin, K concentrated by the hca* of 
the hot fire-gases passing up tTie tower. The basins act as 
baffles, causing the firc-ga.ses to t;^c a circuitous route. The 
upper basins are made preferably oT fcrrosilicon alloy, but near 
the bottom where the add is stronger, they can be of cast iron. 

A slight draught is maintained on the tower, and the waste 
gases are exhausted at the top into scrubbers, and th'?nce to 
the chimney. The c8nccntra(,jcd acid passes awajk through a 
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sump at the base of 'the toiwerj Tho-^ides of the tower are 
made in such a way that one ot morj c^n be removed for 
cleaning or rtjpairs. (See Figs. 76 and 71.) 

Dreyfus* (?. P. 101642 «-f 1916) concentrates sulphuric acid 
from 92 per cent, upwards in a cast-iroit apparatus consisting of < 
an outer cylindrical pan,* fitted with a lid, and containing a 
series of concentric cylindcr.s*alternately supported by the pan. 


n .. - -n • 



and lid? The acid is fed into the ctntre, and travels alternately 
down arftl up to the.outortnost space, which it leaves by an 
ovarflow pipe. Advantage is^ taken of the fact that (a) 90 to 93 
per cent. 1 LSO, ‘does not attack cast iron; ( 6 ) that in the 
concentration of thethigher strengths are at the bottom; 

(<■) that water is eliminated gradually by the extensive travel of 
' fha acid through a number of vessels. * 

The Clayton Aniline Co.- (B. P. 11544 of 1898) employs 

* ' J. Soc. Chem. I/ui,, I9l6i,p. 1155. 

f “ J. ^oc. Chem. Ine^. {Aislr.),Ui^ IS, 494. 
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ast-iron pans in such aVnanncjr that the‘acid of any desired 
itrength is run on to tjie centre of the surface of heated acid- 
lontaining not below po ot 93 per cent, sulphuric ^cid, at the 
;ame time withdrawing so much strong acid from the bottom of 


t 



Fig. 7i.‘ 


he vessel that the level remains constant. (*A similar process 
s described in Gridley’s U.S. I’. 215495 of 1882.) 

Dreyfus and the Clayton Aniline Co. (B. P. 788 of 1903^ 
lescribe a recuperator tower 4 to 8 ft. high, packed with acid- 
sroof material, for use in conjunction with the above apparatus. 
The distilling vapours»from ths concentrajion pot <yitcr at the 
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bottom, and the weal* acid be conc^trated is fed into the top 
of the tower. • * , 

The author is indebted to -Mr P.* Parrish of the South 
Metropolitan Gas Company, Phoenix \^harf. East Greenwich, 
S.E. 10, for particulars of an’improved,type of Dreyfus cast-iron, 
concentrating pot. In the plant for the production of synthetic 
phenol, the capacity of th(i, sulphonators is a function of the 
f sttength of .sulphuric acid’ u.sed in the sulphonation of th*e 
benzene' Pending the erection of^n oleum plant, a cast-iron 
concentrating pot of the Dreyfus type was erected (1916) to 
increase the .strength of the sulphuric acid from 93 per cent, 
to 96-5 per cent. Ih^SO^. A general arrangement of the plant, 
comprising four Dreyfus cast-iron pots, recuperator towers, fume 
collecting-box, graded coke scrubber, cast-iron coolers, etc., 
is indicated in Fig. 72. 

The acid to be concentrated was discharged from railway 
tank wagons to wrought-iron storage boilers. In order to 
admit of feeding the acid to the recuperator of the Dreyfus 
‘pot by gravitation, an overhead lead storage tank was con- 
structetl, and this was filled by withdrawing the acid from the 
* wrouglft-iron storage tanks to a cast-iron egg, and elevating by 
compressed air. To allow of a delicately-adjustable feed of acid 
to the recuperator towers, special feed-boxes were provided. 
The recuperator towers served a two-fold purpose. They 
preheated the cold feed acid prior to introduction to the pot; 
and, secondly, cooled partially th'e vapours and products of 
decomposition arising from the acid being concc^itrated in 
the pots. 

In designing these towers regard was had to the probable 
temperature of the exit-gases. ' It was realised that if too 
much fooling was effected, dilutiog, rather than an accession of 
tcmpcr%Vrrc of th(;_ feed ,acid, would occur. The importance 
of^ a .special packing'medium for the towers was recognised 
also. It was decided to fine the recuperator towers with 
special acid and heat-resisting bricks (obsidianitc), and to use 
Irish (Arklow) quartz as a ^filling” medium. 

, Generally speaking, the Dreyfus, pots used were of the 
standard design (3 ft. qi in. deep by about 3 ft. in. 
mean,diameter), except that a special cast-iron shield was 
provided aj. the top of the pot, to arre^ the corrosion of the 

• •’ la 
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“ acid level.” The pots i^ere swated on feiir curvilinear blocks, 
and the products of combustion* from a coke fire passed through 
a pigeon-holed seniicifcular arch under the pot ^nd around 
“ wheel ” flues, finally discharging into a chimney-stack, 32 ft. 
high by 2 ft. square, whi^h chirarej- served for tfro pots. The 



• hot acid was led into a cast-iron cooling-collecting pot, passing 
thence to a shute, the lead lining of which wvas protected by 
suitable trough tiles, bedded in a special cement constituted 
of silicate of soda and ground fclvic lava. The acid was 
discharged finally into a •ast-iron c^g, and blown to a wrought- 
iron storage boiler, arranged in such a way that the acid could 
be gravitated to acid tayk barges, or to railway tank wagons, 
at will. The products ©f dissociation leaving the four<^ecuperator 







• « 


Fig. 73. 






• ISC 


THE dAeYPUS concentrator 

f * 

towers were collected in aVead bpx {(p4-lb. bfiemical sheet lead), 
water-sprayed, and a^ 12-in. diameter*lead pipe conducted the 
gases to a coke scrul^ber, 12 ft. by 12 ft. by 6* ft. 6 in., 
arranged to afford downward flo% or percolation of the 
'tondensed gases. • 

By the operation of a Kcstncr hightprcssuic rcgulus nie'Al 
fap on the outlet of the condenserya suction of about o-5-in. 
water-gauge was maintainc^d on the Dreyfus cast-iron pots. . 



The plant, as dc.scribctl, worked continuously for about twelve 
months, and the weak points disclo.scd were:— 

(1) Difficulty in maintaining the covers of the pots ga.s-tight. 

(2) Heavy wear and tear on the lead collecting-box. 

(3) Inadpquate^cooling facilities for the concentrated acid. 

(4) Corrosion of the pots on the acid line behind the shield. 

(5) Rapid “.scoring” of the regulus metal valve affixed to 
the cast-iron acid egg.s. 

(6) Escape of acid fumi j at the dish of the recuperator 
tower, and the point of discharge from the,4roose-necfc to the 
cooling-collecting cast-iron pots. 

The difficulties enumerated undtr i, 4, and #6 were overcome 
effectually by modifying the rlesigii of the ‘Dreyfus pot and 
accessories, as indicated in Fig. 73, aid by arranging a gas-tight 
cast-iron cover to the disk of the rlcuperator towers, as shown 
in Fig. 74. 

Profuse water-cooling pt the lead collecting-box reduoad the 
wear and tear at this point (No. 2). The adoption afa special 

if • 
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serpentine water-sprayed V^ast-irpn <:ooIer* Afforded adequate 
cooling capacity for the^ concentrated acid, aiul thus enabled 
K'o. 3 difficulty to fie^overcome. Details of this cooler are 
shown in Fig. 75. The square flan^gs have a rafsed circular 
Sijachined flange, and all joints are made with J-in. asbe.stos 
sheet, thoroughly immersed in .silicate of soda. With tlft 
reduction of temperature of the fiijpl acid accompanying the 
installation of the above cooler, and by using a ^King's 
cast-iron wcdgc-.shaijcd faced di.se valve, the ".scoring” 
trouble indicated under No. 5 heading was surmounted 
satisfactorily. 

With the incorporation of the above modifications, the plant 
was converted eventually into a fool-proof one, which w’as capable 
of concentrating iS tons of sulphuric acid from 93 per cent. 
HjSOj to 96 5 per cent. ITSO^ per da)-. The control of the 
plant was effected by maintaining the temperature of the acid 
at a point approximately 6 in. from the bottom of the pot 
at 315" C., and by determining carefully the specific gravity of 
the condensed acid leaving the coke .scrubber. Immediately 
the .specific gravity of the condensed acid exceeded 148“ Tw., 
it W'as known that dissociation, as distinct from concentration, 
was occurring, and constant attention was directed to this point. 
Samples of the final acid were collected each shift, and the 
tests recorded prominently in the Dreyfus plant, for the guidance 
of the process-men and foremen. 

It should be noted that Ihc capacity of the pots allowed 
of about twelve hours’ contact of the acid in the pot. The 
ca.st-iron pots were cleaned about every two months, and the 
coolers every three months. 

It was found that a i-in. i^ast-iron overset siphon answered 
admirably for withdrawing dip supernatant acid from the.pots 
and coolers. Invariably the acid so /emoved was coaied by 
passage through a portable cast-iron serpentine cooler. The 
cast-iron pots had to be entered in /rder to remove the sludge, 
but in the case of coolers, provision was made fof “sludging off” 
the sediment by flushing. AltogetheilSocX) tons of concentrated 
sulphuric acid was produced^ and twei^e pots were used in all— • 
four of which were intact when the plant ceased finally to 
operate. The average cok|^ consumption was 2 4 cwt. poton 
of final concentrated aqjd, and the respective propo rtions of 
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final concentrated* fecid per gpnt. H^SO^) to condensed 
acid (8o per cent. HjSO,) we»e as 81-3^ is to 14-3. The loss 
in concentration was 4^3 per cent. ^ ’ 

Oast-Iron Pans Protected by Enamel or Otberwise. 

^ « 

It might be thought^ that enamelled ca.st-iron might be 
inorc suitable for the concentration of sulphuric acid titan 
ordinary cast iron. In fact, Rodtr' propo.sed enamelled cast- 
iron boilers, and indicated a special kind of enamel for them: 
I part of powdered burnt alum, 4 parts of red-lead, and 2 parts 
of pure silica, are to be melted together; the fluxed mass is 
to be cooled with water, dried, powdered, and 15 parts of it 
intimately mixed with 20 parts of pure silica and 3 parts of 
tin oxide. The whole is ground up with spirit of turpentine 
laid with a .soft hair-brush on the smoothly turned inner surface 
of the boiler; and this is repeated three or four times, each 
coat being allowed to dry first. The enamel is then fixed by 
fusing on as usual, liut even the best enamel will resist only 
a very .short time the boiling .sulphuric acid and the uneven 
expansion and contraction of metal and enamel at the very 
greatly differing temperatures which occur in that process, and 
his proposal has had no practical success. 

Wolters (Ger. 1 ’. 15C39) .states that by heating a mixture 
of alkaline pyrosulphatc with concentrated .sulphuric acid in 
iron vessels, a crust of iron .sul|Iaidc is formed which protects 
the iron during distillation, so long as the pyrpsulphate is 
left in the ve.s.scl. ‘ * 

Tate - mentions an apparatus constructed by West in 1883 
on the continuous .sy.stem, with ^an enamel or porcelain lining; 
nothjng is known as to its succe.s^. 

l);t«on'‘ (M. 1^1. 17699 juf 1893 and 27769 of 1896) has made 
ji cascadc-apparatu.s,‘consi5ting of iron pans lined with a special 
enamel, connected by (j-'^aped siphons, which carry the acid 
from the bottoin of each vessel into the upper part of the 
next. A set of cightecn\|pans produces 21 tons of strong acid 
. per week. This apparati^i is stated to require 6 cwt. of coke 
per ton of acid. Some more details are given in Chem. Trade 

Dingl. poly t. /, 111, 397. 2 / %oc. Chem. Imi., 1894, p. 208. 

jf ■' /. Soc.pihem. Imi., 1189.^, 18 , iolj9 ; 1897, 18 , 913. 
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92 , 339. Chamber-acid igf 100" T\% is crtploycd, and 100 tons 
acid of 168° Tw. is produced* in orfe apparatus in forty-three 
days, with a consumgtion of 23J tons of gas-coi»e. In 1902 
several plants on this systcfn were ii^oi)cration in England. 

Seckendorff' propos(|d to cor{:<;ntratc the*acid in flat- 
bottomed iron retorts completely surrounded by fire. ’?he 
retorts arc to be filled with lead|>ulphatc, sand, or gypsum; 
ftiamber-acid is to be run in till a paste is formed, and ,thc, 
retorts are then to be heateJ The watery vapour first appearing 
is conducted into the chambers; the concentrated acid coming 
after this is to be collected in glass or stoneware vessels, and 
is said to be very pure, free from iron, and as concentrated 
as that from platinum ; nor is the iron retort ^said to be acted 
upon very strongly. Probably Uiis [flan has never been actually 
tried at all. 

J. Gridlcy (U.S. P. 265495) recommends ca.st-iron pans, 
protected at the top by an asbestos cement again.st the action 
of the .acid. The pan is filled up to the proper level with acid 
of 1O7' Tw., and is fed iji such a manner that the conccntr.ation 
never sinks below 163" Tw., in which case the p.an is not acted 
upon. ( This .strength, equal to Ic.ss than 90 per cent. Ih^SOJ 
is much too low to prevent action on the iron.) The corre¬ 
sponding Hritish patent. No. 4709 of 1882, has not been 
proceeded with. 

E'lanagan - ( 15 . P. 3530 of 1901) em|)loy.s enamelled cast-iron 
pans, with wtiter-cooled l(^ulen hoods, [flaced at different 
elevations. There seems to be no new principle whatever in 
this invention. * 

The Chemi.sche Fabrik List, IL de Ilaen ^((ier. P. 197074), 
produces acid-proof vessels, a|r|j'iratus, andelcctrodes by pressing 
tantalum hydride into me ..^ds, and converting the moulded 
pieces into tantalum metal by heating.them gt;[tdually, uiimately 
for two hours to a white heat, ^ind *slowly cooling. I'hc 
hydrogen given off is first removed by a w.aW:r air-|3ump, anS* 
later on by a mercurial air-pump, and with as good a vacuum 
as possible. I 

‘ Wagntr‘s Jahresber., 1855, 56. * flSoc. Chem. Imi., 1901, 20 , 111^* 
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CON'CKNTKATION OK SULiMUJKIC ACID IN A CURUKNT 
OF HOT GASES 

Stoddard' and Gallelly- proposed to force a current of cold 
air into sulphuric acid heated in lead pans. If the tempera¬ 
ture be 150° C., acid of 140° Tw. is .stated to be obtainable in 
this way. The method was unsuccessful on a practical scale, 
as only cold air was employed ; and the fir.st u.se of hot air 
seems to have been made by Gossage in 1850. Go.ssage’s 
apparatus is fully dc.scribed and illu.strated in our 2nd edition, 
' PP- 735 '’f •f'V- If consi.sts of a double-.shcllcd lead tower, with 
an air space between the two shells; the tower is packed with 
'"pebbles, over which the dilute acid trickles down, and this acid 
is concentrated by a current of air, heated up in a parallel 
series of perpendicular iron pipes, and passing through the 
tower in a downward direction. This apparatus has never 
come into use; its faults arc the following:— 

The air must be made ncarfy red-hot, and thereby the 
upper lead pipe always melts; the air, charged with vapour, 
travels in the same direction as the acid, and therefore again 
gives up its water to the latter as it becomes more highly 
concentrated; all acid escaping'ajong with the hot air is lost 
in the; chimney. Although sonje of these faults might be 
avoidcdcby changijig the .details of construction, the apparatus 
seems hardly ever to' have, been employcrl in practical work. 
According to tho4is/ A/iiiU Inspcctoi’s Report (p. 83), a brick 
tower for the concentration of sulphuric acid, which had been 
stopped for alterations, hacinot been started again. 

. Gossage’s plan has bq>n re-invaiited by Costelle, without 
any additions.* 

‘ Chem. News, 28 , 167. CAem. News, 24, 106. 

M * CAem. News, 20, icf, 

. ISO . * • 
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S. T. M'Dougall (U.S^ P. 28929?) emiJlbys a tower, heated 
from without, filled with dishes, over which the acid flows down, 
whilst heated air ascends in the tower {if. Nobel’s patent, 
P J07)- ^ 

Similar in principle, jlthough ^ery different*in detail, is 
the hot-air concentrator patented by the International VacuuKi- 
Eismaschinen-Vercin (Ger. P. 33 .J2). It does not scent to 
have answered, as the same firm a year later took out a patent 
(No. 38015) for a totally Aliffercnt apparatus, working with 
steam, as already mentioned on p. 69. 

Finch ■ ( 1 ?. P. 2207 of 1886) combines an evaporating furnace 
with two towers filled with refractory material. The furnace- 
bed is formed by a lead tank, lined with sheet asbestos, and 
upon this with silica bricks. rit.e roof of the furnace is formed 
of silica bricks and covered outside with lead. The weak acid 
first passes through the towers and then into the furnace; the 
fire-ga,ses make the opposite way. (It is very unlikely that an 
apparatus such as de.scribed will be able to stand the wear and 
tear of the proce.ss for any length of time.) ' 

Fontcnille (Ger. P. 37713) causes hot air to issue by 
means of many holes from a pipe at the bottom of a vessel ' 
filled with sulphuric acid; the vapours pass in a zigzag 
manner over .several plates, over which fre.sh acid is running 
down. (It is not stated what material the vc.s.sel is to 
consist of) 

Gridley (U.S. P. 240248)«applies .strong heat to the under¬ 
surface of a thin body of dilute acid, and at the same time a 
blast of sup'erheated steam or hot air to the upper surface, 
removing the vapours as they rise. 

Norsk Hydro lilektrisk Kvaelstofaktic.sclstab, Christiania* 
(B. P. 132704 of 22nd Janu .y 1919, appl. 1637 of 1919; (J.S. P. 
1353448, 2lst September 1920). Nitrous gases at a tcmiierature 
of 1000 C. may be employed for the concentration of sulphuric 
acid if they are first mixed with a | Voper proportion of exhaust * 
gases from the concentration chambe,, by which means they 
are reduced to 500’ to 600“ C., and fi'ecompos'tion of sulphuric 
acid avoided. 1 he remairyng exhai/tt gases are saturated with, 
moisture, which is readily removed by condensation. 

' J. Soc. CluiK. Ind., 1887, p. 216. 

' J. Soc. Cjjcm. ind. {Aistr.), 1919, p. 817. 
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The Soc. an. la.* f'abri^e de So^ .Artificielle de Tubize ‘ 
(B. P. 10386 of 1915; P>. P. 4f932o) concentrates sulphuric 
acid by nnjans of elements heated fro^ Aie outside, arranged* 
in steps, and communicating in such a manner that the acid 
flows downwards; whilst va|)ourif produced pass from th^ 
Icwer to the upper elcmants. The elements may consist of glass 
or platinum for strong acic'i, and of ordinary or hard lead for 
.weak acid. * 

Pfannenschmidt and Moss- (Fr. i‘. 474995 of 1914) employ a 
cascade of shallow square trays, heated by waste heat. The hot 
acid falls then through a column of hot gases, followed by a cold 
air for cooling in a second chamber. The chambers arc provided 
with perforated plates to convert the acid into a fine spray. 

Vctterlcin and Chem. Fab.,Zu Schoningen'' (Ger. P. 307564 
of 27th August 1916) concentrate acids by pa.s.sing the liquid to 
be evaporated and the heating gases in contact in opposite 
directions, and in a horizontal zigzag path through the 
evaporator, consisting of a metal pan built in a masonry setting, 
and through a preliminary tower built above one end of the 
metal pan. The liquid is .sprayed into the top of the tower, 
which' may be filled with packing, and meets the a.scending 
exhaust gases from the main evaporator; it is collected in the 
pan beneath and flows in contact with the furiiace gases through 
the pan, which is divided by partitions into zigzag channels, 
to the outlet near the furnace. The pan may be constructed 
of wrought iron and supported on pillars in the masonry setting. 
In the evaporating space, all baffling obstructions arc avoided, 
and doors are fitted in the walls at the ends of the channels, 
to facilitate denning of the trough. 

Lennox < (B. P. 23919 of 1914) employs a rotating corrugated 
drum^ dipping into a trough mounted on sliding rods, which is 
divided,jnto com,partmen.ts for every corrugation; the whole is 
enclosed in a casing. Thp compartments communicate with 
“one another at alternate ends of the partitions. Hot air or the 
like is passed through the drum, and the acid drops on to the 
drum at the end remote ^om the hot air inlet, and at a point 

' J. Soc. C^m, Ind., I9'i6, p. 537. 

' J. Sac, Ckem. Ind., 1915, p. 1142. 

* J. Soc. Chem. Ind. {Atetr.\ 1918, p. 767. 

* J. Sac, Chem. Ind., 1915, p. 1054. 
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in advance of the axial ^lane; thu concfcAtrated acid is with¬ 
drawn from the lasj compartment oT the trough at the liot air 
Inlet end. 

H. W. Jones and the Armour ^'ertiliscr Works' (U..S. P. 
,1183207 of 1916) conccnirates acid|by allowing flieni to trickle 
down in the form of alternate pools, and films over an irrcguiar 
inclined surface in an enclosed chj.nber, while a current of hot 
gases passes over it. The gases are introduced at the leaver, 
part of the chamber, and Sirected by means of a baflle, on to 
the surface of the acid. The concentrated acid collects at the 



l-'ic,- 76. Kiu. 77. 


bottom of the chamber, aiftl the moisture-laden gases leave 
at the toft 

Anew patent ofZanncr’s (B. P. 19841 of 1914; Fr. P.462016; 
Ger. P. 260555) dc.scribcs an arrangement illustiated in Fig.s. 76 
and 77. The first conccntr.-jtion takes jjlace in two rows of 
quartz boxes (,r a) placed .n the upper space. A, and connected 
with one another by overflows. Where the acid neail not be 
specially pure, these boxes may be left open, so that the acid Js 
heated also on the top. The ..’queous vapours formed are" 
carried along by the fire-gases into the chimney. If the acid 
is to be pure, the boxes are prov ded with thin covers, with 
holes protected by caps f«r the es(Ape of the aqueous vapoui. 
The first concentration may, of course, be effected also by lead 
pans, in a spray tower, etc. The main concentration^ Pakes 
’ J- ■%’r. Chem. tnd., 1916, p. J36. 
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place in the muffle,' II, bulk of matejia! proof against acid at 
high temperatures: such aS fire-bricks, (juartz, cast iron, etc. It 
is entirely oio.scd, and heated outside by ^fire-gases. Within the,- 
muffle there are open boxjs, c c, made of quartz, which receive 
the previous!^ concentrate^ acid by< the pipes b, and after^ 
edheentration allow it to run out by tlie pipes d. The acid 
vapours formed here are (^inducted by pipe e to the cooling 
-worm or bo.x. * 

The number of quartz bo.xcs in* the muffle (B) corrc.sponds 
to the demands made upon the performance of the apparatus. 
These boxes may be suspended or placed on the bottom of the 
muffle, or both. In some cases {i.e. when concentrating to 97 
to 98 per cent. jdjSOj) the last boxes (which arc in this case 
preferably made of cast iron) are fixed in the bottom of the 
muffle (B) in such a way that their lower surfaces are touched 
by the fire-gases as directly as po.ssible, without admitting them 
into the interior of the muffle. This last case is the one shown 
in the diagram.s. For intensive work the muffle may be worked 
with a vacuum. Instead of a fireplace, as shown at C, the 
heating may be effected by a gas-producer. The draught is 
regulated by slides at f and /[. 

Davis' (B. 1 ’. i2<S396of 19th June i9iS,appl. loiz/of 1918) 
de-scribes a “Trepex” concentrator, which works on the 
principle of passing the hot gases of combustion from a furnace 
through a spray of the acid which is to be concentrated. The 
apparatus is shown in Fig. 78. '* 

It consLsts of a furnace fired with coke^ or other smoke¬ 
less fuel, and an evaporating chamber, into which the gases 
of combustion' are passed. The chamber is proportionate 
to the amount of work required to, be done; but for concentrat¬ 
ing, for example, dearsenicated ^cid of 105" Tw. to 145° Tw. 
at the rate of 20 tons of strong acid per twenty-four hours, only 
^bout 150 cub. ft. of space is required in the evaporating 
chamber. The r.cid to be'-concentrated lies on the bottom 
of the chamber 5 p a depth of a few inches, being fed in con¬ 
tinuously at the end remote from the furnace, and travelling 
forward gradually to thejpit at the end near the furnace. 
The device for spraying up the acid into the chamber consists 
of a*4haft carrying fanners made of.a suitable material, fixed 
■ /. Ckem. Ind.,{Aistr.), Ipl9, p. 628. 
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across the evaporating chaHiber ‘at r/glit angles to the flow 
of the gas. The position*of thfe shaft is^ shown in Fig. 78. 
The rotatirti of this shaft at the ciyrect speed fills tht^ 
chamber from end to end ^vjith a fine spray of the acid to be 
concentrated;‘ill this manjicr, owin^ to the very excellent! 
contact between the hot* gases and the acid, a high efficiency 
is secured, and an evaporaf^n of 5 lb. of water per pound of 
ookie coii,sumed in the furnace is obtained. When concentrat¬ 
ing up to 145 Tw. there is very little fume produced, and the 
condenser shown in Fig. 78 is not absolutely necessary, 
although it is preferable to have it installed. 

As there is no back pressure produced in any part of the 
plant, ordinary ohimney draught is sufficient to work it. The 
power absorbed by the rotatii^ shaft does not exceed one- 
half h.p., and is supplied by a small electric motor. The 
evaporating chamber may be constructed of special acid- 
resi.sting blocks, with a lead dish to prevent any c.scape of 
,acid. The acid is not in contact with any lead-work at any 
time during the concentration. The acid inlet and outlet are 
only ajrout 12 in. difference in level, so that pumping of 
acid is reduced to a minimum. The cost of a complete in¬ 
stallation, including furnace, “ Trepex ” evaporating chamber, 
condenser and coolers, for an output of 20 to 24 tons per 
twenty-four hours of 145" Tw. acid is approximately £\ 2 Q 0 
to ;^I500 (June 1921). Up to the pre.sent the plant has not 
been installed for producing recfified acid (93 to 94 per 
cent. H.jSO,). , 

The %yd Alkali lus/teclor’s Report for 1916 refers to the 
Davis conccntrat(jr, as follows :— 

"This consi.sts of a leaden chamber, 15 feet long by 5 ft. 
high by. 2 ft. wide ; the flow of add is 3 in. deep, and is thrown 
up by paddles on 4 he Porion System ; hot gases from a large 
^oke fire meet the flow of ackl on the counter-current principle. 
With a temperature of 310°^;. to 320’C, acid is concentrated 
from iio”Tw. to",i44°Tw., and the exit-gases pass through 
a condenser to a leaden chimney. Initial difficulties are being 
overcome, and a steady flc^v of acid" at i44°Tw. is produced. 
This seems a hopeful type of plant, capable of much work in a 
small-spacc, if of proper construction avid design.” 

According to thg, 54//! Alk<fli Inspector’s Report for 1917, 
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the Davis concentrator ijontimied in operation with improved 
efficiency. The init^l difficulfies enteuntered in the first works 
where it was installed vere overcome largely, and l.'ftterly much 
more regular and satisfactory work was effected. Additional 
•■units are now in operati^i or in cojfrse of crcctidn at different 
works, so that wider and more varieg e.x’pcrience will be aci|uirfid. 

According to the 55//; A/hr/r lns/>n/or's Report for 1918, 
the Davis concentrator was u.sed for bringing chamber-acid uj\ 
to about Glover acid strength, and gave satisfaction. 
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I'k;. 79- 

Skoglund ' (U.S. P. lu ’*09 of 3rd July 1917, appl. 4U1 May 
.1916; Ik P. 113551 of 14th Itlay 1917, appl..No. 684^of 1917) 
concentrates sulphuric acid by pas.sing hot ga.ses through a 
spray of acid. A current of compressed air ij injected beneatfi 
the surface of a shallow body of acid, to create circulation 
therein, and to blow a portion of it into a verticall^^irected 
spray, so that the spraj^ after ccjuing into contact with tljp 
hot fire-gases, falls back again into the body of the acid under 
treatment. As shown in Fig. 79, the apparatus consi-sts^of a 

’ J. Sec. Chem. Itul., 19171P.925; J Soc. Chem. voiS.jj. 182. 
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closed box (a) macfc’ of letd and lin^d- with an acid-resisting 
material. The box is pro\^ded with an aci(j-in]et (d), and at the 
opposite end an acid outlet (c),> and qf\e or more plugs (u) 
for the removal of impurWes from the bottom of the vessel. 
In the bottonf of the ve.sse!a(^r) a series of nozzles (c) is placed^ 
cdhtrally, and in alignmenV with one another, .so that their 
opening!;’ lie a short' distat^c below the surface of the acid. 
Xh.ese nozzles are connected with a source of compressed air 
(/), by means of which the acid is bfown into a series of sprays, 
as indicated in the drawing (,^). The fire-gases are admitted 
at //, and at the opposite end of the vessel the pipe (z) connects 
with a tower (/) packed with acid-proof material (/!). This, 
in turn, is connected with a suitable condenser (/), from which 
any condensed licpior runs back to the vessel (zt) by means of 
the pipe (m). The gases are drawn through the plant by 
means of a suitable fan or blower («). The weak acid to be 
concentrated (/») is fed into the tower (/), which serves not 
only to preheat the acid, but also to condense acid vapours 
carried forward by the hot gases, from concentration vessel (a). 
This plant is built by the Pratt Knginccring Co. of New York, 
and, according to flu/Miu 1S4 of the Burenu of Mincs^ (p. 140), 
the fuel consumption averages around 12 gall, of oil per ton 
167“ Tw. acid concentrated from 105 Iw. acirl. 

THE KESSLEE CONCEN,TEATION PLANT. 

The most successful apparatus for the, concentration of 
sulphuric acid in a current of hot air is that of J. Kessler* 
(B Ps 19215 of 1891; 36169 of 1898). 

The conditions to'be fulfilled jn an apparatus of this type 
are as .follows. The current of hpt air must be brought into 
contact wth such a large .si>rfacc of liquid that its temperature 
is immediately reduced tc a great extent. The air must 
5ius become satumted compHtcly with steam and acid vapour. 
The apparatus mugt resist, not merely the action of the hot air 
and hot'acid, but it must be constructed in such a manner that 
the deposits and cru.sts iiyivitably fijrmed in the process of 
concentration do not give any trouble. Under these conditions, 
the »cid can be concentrated far bel&w its boiling-point. For 
• /. Soc. ChernyInd. (Al>slr.'n i%Q2, p. 4 fl 4 1 ‘W p. 246- 
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good evaporation, large joluracs o£ moddritely hot gas rather 
than a high temperature are reijuircd. The lower part of the 
upparatus is called Kessler, the " Saturex,” because it 
saturates the fire-gases with acid vapours, and it quenches 
*the greater part of theV heat. 'Bie acid vap(/iirs contained 
in the hot ga.ses are retained in me -.ippcr part of the plant, 
called the “recuperator," mountcfl’ above the saturex. This 
part of the appar.itus acts as a reflux conden.ser, and rpemjil'>s 
the dephlcgmating colunni employed in the rcctific.ition of 
alcohol. It is fed with chamber acid, which traverses each 
plateau of the recuperator in turn, and, in doing .so, it meets the 
hot air and vapours issuing from the saturex and dr.awn through 
the liquid acid by applying suction at the end. In the 
recuperator the temperature .'inks to between 85" and ICX3“; 
this causes nearly the whole of the acid vapours to condense, 
while the steam is not condensed, nor is there much fresh 
steam formed here. This is important, since any concentration 
of the acid in this jdace would cause deposits which would soon 
obstruct the holes in the trays. The saturex is built in the 
form of a .shallow trough of volvic lava or other acid-resisting 
material, surrounded by a thick lead jacket, u|)on an open 
foundation, lietween the bottom and the cover of the .saturex 
there are several baffies, which force the fire-gases entering at 
300 or ^50’ to impinge on the surface of the acid exposed in 
the bottom of the saturex, and, when passing from one of the.se 
baffles to another, through fhe acid it.self. I’lie temperature of 
the gases.rlrojjs (piickly to 150’, and at the .same time the acid 
rapidly loses water and some acid vapour, and runs out of the 
apparatus in a concentrated state to the cooler. 

The early form of app.ifatus is de.scribed very fully, with 
detailed drawings, in ou, Jciurth edition (pp, 1190 ty 1200), 
but is omitted here, as it is now opt of date, .SiiWlarly, the 
description of the “ Radiatcur” (H..P. 2’i376 of 1900) is omitted 
also, as it did not prove as practi<!ible and a4> robust a form 01 
apparatus as the saturex type, and therefore was never developed. 

The latest modification of the Kessler apparatus*!? that of 
Teisset and Prat' (P'r. P»3982i2of 1908; 11 . P. 14300 of 1909; 
Ger. P. 229676; U.S. P. 993125). * 

' J. Soc. C/iem. Ind. {Ai. ^r.), 28 , 937 ; 1910, 29 , 950; 7 ^ Shgtie. 

Ckem., 1911, 24 , 184 ; J. Sfc. C/tem. /id. (Ahstr.), 1, 30 , 748. 
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The author is inae*bted Ho M. "J. Te^’sset-Kessler of Clermont 
Ferrand for the following'partictilars, as w^ll as the drawings. 
Figs. 8o to'So (June 1921). . ^ , 

The alterations on thcolcl form of apparatus which possessed 
three longitucKnal baffles lit pumice .‘ftone in the saturex, ha 6 ^ 
ait intermittent gas producer, and was worked by means of a 
blower, are as follows;— *| 

^i) The longitudinal baffles in pumice stone have beeif 
supprc.sscd, and their place taken by* transverse baffles in volvic 
stone. 

(2) The intermittent gas producer has been replaced by 
a simple continuous producer. 

(3) In.stcad 9f the steam jet, a high-pressure fan has been 
substituted, of a simple and robust type. 

The main improvements derived from these alterations are 
as follows:— 

The longitudinal baffles in pumice stone in the old saturex, 
which were slight and fragile, broke away easily, especially 
during the cleaning of the saturex. It followed, therefore, that 
the hot gases, which should have forced their way through the 
acid in passing under these baffles, escaped instead by the gaps in 
the stone.s. Through the diminution of the travel of the gases 
in the saturex, they arrived in the recuperator at too high a 
temperature, which led to the breakage of the porcelain calottes. 

With the system of strong transverse baflles in volvic stone, 
the ga.scs, when passing between tfiem, lick the surface of the 
acid. Under the action of the suction from ^the jan . the acid 
tends to bank itself up tow'ards the end of the sature.x nearest 
the recuperator, "where the hot ga.scs should escape, so that they 
find the space more and more re'd^iccd, which forces them into 
still nvre intimate contact witl^ the surface of the acid. 
Numerous experiaients made with this new con.struction of 
the interior of the saturex have shown that the work done in 
Tlie saturex is exactly the Same as that obtained in the old 
process with longjtudinal baffles. The baffles in the new 
method* of construction of the saturex arc stronger, less 
expensive to erect, and muj:h easier *to replace. 

By the adoption of the new type of simple gas producer, it 
is possible to work the plant continuously without any stoppage. 
Previously, with the old integiiittent jgas producer, it was 
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necessary to stop the pl^nt for a period of one and a half to 
two hours, in order ty clean anti rech&rge the fire. In the new 
type, these two operations can i>c carried out during rite working 
of the plant, with the result that ^ere is an incrca.sc in pro¬ 
duction of conccntratctl Icid per ^cnty-four hours in c.xcess 
of the guaranteed quantity for thcl.sar.ie time. * 

The third modification, i.c., the .l/hstitution of the steam jet 
by a high-pressure fan, has effected a notable economy. 
the consumption of fuel rciiuircd for draughting the ])l:int, as 
the power required to drive the fan (3 to 4 11,1',) rei)rc.scnt.s a 
consumption of steam one-.sevcntli or one-eighth that formerly 
taken by the blower. In addition the working of the plant is 
rendered much more regular, since the pressure^of steam varied 
with that of the boiler, and hence the blower gave a varying 
speed to the gases passing thnmgh the apparatus, so that the 
degree of concentration of the acid was not constant 

With the new appar.itus the gases maintain always a 
constant speed; hence there is a greater regularity in the 
degree of concentration of the acid and a ,smailer consumption 
of coke in the gas producer, ^ 

The latest modification is shown in Figs. 80 to 8y. * 

The installation consists c.ssentially of (i) a gas producer; 
(2) the apparatus itself composed of the “ Sature.x ” and of the 
recuperator, made of five trays or ])lateau,\ ; (3) a conden.ser 
packed with coke; (4) a cooler for the concentrated acid; (5) 
a fan for drawing the hot furnace gases through the plant 
Gas Pjq^cer.—The furnace for producing the hot gases 
which are drawn through the plant is .shown in h'ig. <84. 

The shell is built of ordinary brick, 220 i.im. thick, on a 
concrete foundation, and bjaced with iron buckstaves, and 
occupies a space of 3 metr. s^by 3 metre.s. It is lined 4go mm. 
thick with a suitable firebrick, and .is divided into li*o similar 
compartments by a tnidfeather wall, 330 mm. thick. In this 
way two combu.stion chambers at< formed, oach i Coo metres" 
wide by 0-740 metres deep by 1-840 metres high above the fire 
bars. Each grate is formed of C.I. grate bars of th(^Jtdinary 
type, placed 800 mm. abave an ashpit, which is closed in frottf _ 
by a sliding door. .Above this is fi'ked a cast-iron plate haviifg 
a door opening 500 mm. wide by 350 mm. high, at such a«h»yght 
that the bottom of it ^ on a level with the grate bars. Each 
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furnace is charged from theltop throuj^h an opening 400 mm. by 
350 mm., communicating Vith ttic producer chamber, and is 
scaled by means of a heavy firebrick fsmb. The producer 



I 

gas leaves each furnace through an aperture, appro.ximately 
48 o«B)Ri. by 500 mm., into a mixing ahamber, where the gases 
from each producer i^ieet and nyx togetijer with secondary air. 
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The shell of the furnace is .picrofcd at*one side by a due 
(520 mm. by 200 mm.) l?ading froirf below the fire j^rate and 
rising vertically untj 't mcct^ with another flue at»the top of 



r 


» 

the furnace and enters the mixing chamber at a poinfflffjoining 
the gas outlets from the furnaces. A .sliding damper is fitte(J 
in the vertical tiue to regulate t^e volume of secondary air 
admitted to the mixing chamber. From the mixing charsber 
the hot gases pass through a flue to the^saturex. Port-holes 












174 CONCENTRATION BY HOT. GASES 

I*.'' 

arc fitted at various points tn the flues,io allow for inspection 
and cleaning. * * I 

The twA furnaces arc worked, alternetejy. Assuming No#i 
compartment is charged vWth coke and furnishing gas to the 
producer, thert No. 2 compytment is»charged as follows; First 
tile firebrick .slab covering 4 ic charging hole is removed; then 
the opening of the gas Hull from the furnace into the mixing 
j:hajnbcj; is closed by means of a special brick, in order t6 
prevent: the passage of dust from tfie fire grate into the main 
gas flue. The fire grate is then cleaned thoroughly, and a 
fresh charge of coke added. As soon as the coke is ignited 
.satisfactorily, the firebrick slab is replaced on the charging hole, 
and the gas adipitted again to the mixing flue. No. i compart¬ 
ment is charged in a similar manner when its coke is exhausted, 
while No. 2 compartment fui'ni.she.s the apparatus with gas. 

Saturex.— h'igs. 85 and 86 show the latest design of apparatus 
No. 111 . (to). 

Fig. 85 is a longitudinal section through the line CD. 
Fig. 86 is a plan through the Hue Ali. Fig. 88 is a cross 
scctiop. Fig. 87 is an elevation of the plant. 

‘ The saturex consi.sts essentially of a .shallow volvic trough, 
272 metres long by MO metres wide (internal dimensions); 
3-32 metres long by 170 metres wide (external dimensions), 
built up in sections, and cnclo.scd in a jacket of 10 mm. lead, 
a little sand being put between the stone and lead. The 
hot fire-gases enter from a firebrick flue at M, and, passing 
under a series of seven tran.sverse baffles built ^ yolvic lava, 
25 cm. wide, arc forced to impinge on the surface of the acid 
contained in Hie bottom of the saturex. The heat of the 
gases is reduced quickly by the pontact with the acid liquid, 
which .’■uns in the opposite direction to the travel of the gases. 
At the .same time the acid doses its water, and also some acid 
vapour, and passes out of tlv: exit pipe in a highly concentrated 
condition. Cleaning holes a>e provided in the saturex, between 
each barrier, aiui. also at each end, so that the deposits and 
incrustSTions can be removed readily. 

. The gases leave the saturex saturated with aqueous vapour, 
a"nd, passing over the shallow dish (D), enter the recuperator, 
whkh'consists of five superimposed *tjays or plateaux, also in 
volvic lava (i io njetres long.by i iOjmetres wide, internal 
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dimensions). Piach tray i# provided \^ith twenty-four holes, 
covered by a luted bell •or “ciilotti?,” as shown in Fig. 88. 
The acid hu be concentrated is^fed injojthc top of the re¬ 
cuperator, and lutes arc placed right antncit in each succeeding 
plateau, so th;^t the acid flop’s across o£ch plateau, while the ho^ 
gSses bubble through it fJo acid finds its way through the 
passages in the calottes *^k 1 over the edge of the calotte 
sujj^rort.s. The gases, bubbling up through the luted holeiij 
are brmight into such intimate cviiitact with the acid that 
the temperature comes down to 90“ to too" C. at the top. At 
this temperature only aqueous vapour can cxi.st, ,so that all the 
acid vapour is condensed before the gases get out; a small 
quantity of acid mist carried away by the exit gases is 
retained by the coke scrubber, The colourless concentrated 
acid is run out of the .saturex at Pi, through a volvic pipe 
into a lead cooler, and flows away to storage tanks. The 
consumption of coke varies from 18 to 20 per cent, of the 
weight of finished acid for acid of 96 per cent. The 

calottes are made in porcelain or in fused silica ware; and 
the draught on each tray is recorded bv means of a series of 
'inanometers. The breakages of the.se calottes cause a short 
circuiting of the gases; and this is detected by noting any 
variation from the normal in the suction of the manometer 
tube on each tray. 

As a further guide to the working of the plant, the 
temperatures of the acid and gac are recorded b)' means of 
thermometers in various parts of the apparatus. The following 
figures show the average results obtained rO'iici^the plant is 
working normally:— 


Temperature of aciA in top pl-iteai; .... 90100° 

„ „ „ bottom plateau . . . 190-200° 

„ „ „ entering collier . . . 210-230° 

„ „ gases Ic.iving Kessler . . . 125-145° 

„ „ „ entering scrubber . . . 105-120° 


Cooler.—The .design of cooler varies, but consists essentially 
of a leitnen vessel fitted with coils through which cold water 
is circulated. The hot acid runs into the centre, and passes 
down a stand pipe to the bcltom of the vessel. (Vitreosil pipes 
givjercellcnt results for this work.) .The cool acid flows away 
from the top of the cooler to storage tdnks. 
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Oondenaer.— From the top of the recuperator the gas passes 
through a lead-covered *ston!;ware spipe to the top of the 
condense;' (Fig, This consists of a Iead*lined box 

(5 metres by 7 metres 0^2-5 metres, internal dimensions), built 



up^ a wooden framework on a timber platfern.-Tantfcd at 
a suitable height above tjie floor level. The box is sheeted 
with thin wooden planks, and strengthened with round iron tit>- 
rods at intervals. It is linnd with 4 mm. lead on the bottom and ' 
sides, and covered with 3 mm. lead supported by lead straps 

M 
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fastened on to joists carried across tlje width of the box. 
For protection against the djtting^actirf.i of the coke, th; bottom 
of the box *and the sides (o a height of Oi-5 metre are lined 
with acid-resisting brick (ab^ut 2350 bricks, 220,X 110x55 '^m. 
are required tq protect the botton> and sides, and to support, 
tHb grid). On the top« of the bricks sixty-nine lead-covered 
round iron bars arc placed,to form a grid for the support 
of tfc,e packing over the gas outlet (sec drawing). ^ 
Thc'toke for fdling the conden.^cr is the be.st hard f'.eel 
coke, containing a minimum of iron, aluminium, chalk, and 
silica, and is graded as follows:— 





Quality. 

8[>arii 

ocotiriim] ill 
Ctibiu'uif-l^i-fl. 

Approximate 

Weight. 

fl) I.argc pieces o 

200 to 

500 niin. 

... 

10,500 

4,200 kg. 

(2) It ,, 

0-O=i0 „ 

0-100 „ 

A 

3.?oo 

1.400 .. 

( 3 ) -» 

0-020 „ 

0-0^0 

H 

i, 74 » 

699 

(4) >> i> 

o-ooS ,, 

0-020 ,, 

C 

700 

2.S0 „ 

(5) .. 

0-004 M 

O-OOS ,, 

I) 

21,000 

8,400 „ 

{(>) M 

0-001 „ 

0-004 „ 


44,800 

2<),()00 „ 


In order to obtain the 44,800 cubic metres o^ •^yke E, 
it is necessary to add 40 to 50 per cent, excess, which is lost 
as powder. All grades of coke should be free from dust. 

Fan.—A 5-H.I’., 12-in. high-prc.ssure fan is made by the 
Kestner Evaporating & Engineering Co. of London, specially 
for the draughting of conccntrating'qdants, and gives c.xcellcnt 
service. 

General Arrangement. — The general arr.mgement of the 
plant is shown in Figs. 80 to 82, from which it will be seen that 
the plant is a compactamit, hou.scdiin a building il metres long 
by 9 mqtres wide. » 

The app.aratu.s. is supplied in fouV different sizes. 

Apparatus No. 1 will concentrate in twenty-four hours, 
4 tons of 92 to 93-per cent, '..nlphuric acid from chamber acid 
of 113 to llO°TV. Apparatus No. 2 will concentrate 6 tons 
of 92 to 93 *i 5 er cent, acid under the same condition,s. Apparat--, 
N,o. 3 will concentrate 8 to 10 tons of 92 to 93 per cent, acid 
under the same conditions. ' Apparatus No. 3.\ will concentrate 
■"12 to 15 tons of 92 to 93 per cent, acid under the same 
conditions. With the continuous producer these outputs can 
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be increased still further. As ap example of the elasticity 
of the plant, it may be''mentioned^ tha^, during ^he war, 
apparatus hfo. 3A, which produces, normally* 15 tons in twentv- 
four hours, actually prodiu^d more than 24 ions of 9275 
per cent. ll.,SQ, at one factory, i • 

' Ke.ssler' defends hi.s< .sy.stcm against faults fqiuKl with it 
by Hartmann and licnkcr.'.According to his Fr. F.s. 288752 
apdv;0578i, for the purpo.se of preventing the conceiti?at^ 
acid froni acting upon the lead, it is made to (low througn a 
heat-exchanging app.iralus, in which the fresh acid cools the 
hot concentrated acid. (This has not been developed on a 
practical .scale.) 

In contradiction to a statement of Hartmann and Benker,^ 
accordinjj to which Kessler’s appjjratus yields acid not exceeding 
95 per cent. I I.,S()4, Ga/.cl^ asserts that the Kessler apparatus, 
supplied to the British Government in 1898, fulfils the condition 
laid down, according to which the acid must come up to a 
sp. gr. of 1*842 (95 to 96 per cent. 

From a Jlriti.sh factory he reports the following figures:— 


'Strength of feed acid . 

Strength 0/ concentrated acid 
IVodiiction per day . 

(!oke used for the gas producer 
(.‘oal used for sleani-raising 


48" he. (ioo“TV.) 
05*9 „ (168' 

9100 kg. 

650 „ 

750.. 


Luttgen ' considers that the better clfcct of the new Kessler 
apparatus is due to tlic acid wave# being formed by the hot 
gases pa.ssing through and impinging against t]i£^\tialki, so that 
both the effects of sjdashing and .spraying are produced. 

Stolzeiiwald ■'’‘doubts the formation of spray in this case. 

According to Luttgen (see abitve), the Kessler apparatus 
in its new form requires 8o to 1()0 kg. coke for producing 
I ton of a»id of’92 to 93-per cent. HjSO.. The proportion 
of waste acid is very slight, and so is the cost of repairs. Acid 
of 98 to 99 per cent. lI^SO^'Is obtained with 180 to 190 kg. 
coke, and t here 00 kg. waste acid of 72” Tw. acid. 

According to the 51^/ Alkali Inspector’s Report for 
the Kessler system was being worked successfully, and more 

' AUnit. Scient., 1904, p. 557. ^ 

* AtSnif. Sclent , 1907, No. 782. ’ Hid., 1907, p. 368. 

* Chem. Zeit ., 1910, pj 24. ^ ‘ Z . angevi. Chem., 1910, p. 1976. 
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and more extending. The ^2n(i Report for 1915 coii^iders it 

one of thcrbcst existing. • • t 

According to Pohl,' vitreosil (fused .silica ware) hasadvantages 
over the volvir lava employed in^ the Kessler plants. The 
letter is inclined to bccoiVe Render, especially in plants worked 
intermittently; whilst vitreosil is not in the least damaged. 
Vitreosil pijres have much thinner ^valls than the lava pipes, 
out tl"<^ are made with the .same external dimension-s, so^hat 
they can be put into exi.sfing plants without any altcrationsi 
The greatest difficulty in the working of the 
Kessler plant is the frequent breakage of the 
porcelain bells; in.stead of which, bells made 
of vitreosil are now cjiiploycd of the shape 
shown in Fig. 89.^, which fit to the lower P'f'- *'J'. 

parts in the existing apparatus. These arc now provided with de¬ 
pressions, into which fit the opposite parts of the bells, .so that they 
are placed always exactly over the centre of the lower parts. 

The Working of a Kessler Plant. 

ThVj^uithor is iiulehtcd to Mr VV. G. MacKclhar of The 
United Ai'itali Co., Ltd., St Rollox, Gla.sgow, for the following 
notes on the working of the Kessler plants, which were introduced 
into Glasgow as far back as i,'t9,4 at the works of Messrs 
Alex. Mope, jr., & Co., Ltd. 

Gas Producer.—(l) Experiments have been made from time 
to time, with a view to working the gas producer continuou.sly, 
but trouble Ifa- l*en expericnccrl alway.s, owing to the dLscolora- 
tion of the acid, which may be accounted for partially by the 
fact that anthracite is burned in the furnace instead of coke. 

(2) The conditions for inaking i6S'Tw. and 168-3''Tw. acid 
are much more exacting t»ian when making 144° T#. acid. 
When working at high strengths of acid, it is uiuTe.sirable to 
produce any hydrogen, which wouj^ form water on combustion, 
and hence this condition negatives the use of a wet ashpit. 

I - 9 aturex.—The saturex with transverse i<^ quite 

as efficient a concentratqr as the old type with longitudinal 
ones, and the upkeep is very much less; probably only *4 
quarter of the original. Three barriers instead of five, as, 

' Z. angew. Chtm., 1912, p. 1851. 
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originaiiy supplied, ire now used—one. at the entrance of the 
producer gas, and two ulsder the plateaux—the central two 
having be 4 n dispensed wiHi. It is essqntial that the barrj^rs 
do not dip into the acj^I, as this Vender^ the apparatus 
unworkable. ^Violent pulsations tj'.kc place in the whole body 
fcf the liquid, due to the hot gases alternately^ making and 
missing their way betwebp the barriers and the acid; and 
the^draught of the furnace is so impaired thereby tljjj*'- v^ry 
poor results arc obtained. The beSt results are obtained with 
only a thin film of acid, ij in. deep on the bottom of thesaturex. 

Material made by the Accrington Brick and Tile Co., Ltd., 
Lancs., has been used for the cross barriers, and their supports, 
and all the small pieces necessary for the cleaning hole plugs. 
As it is impossible to get a tnaterial like fKw in slabs large 
enough to build a Kessler without an cxcc.ssive number of 
joints, no attempts have been made to use sides or end stones 
or covers in any other material than volvic. ( I’liis experience 
docs not agree with that obtained in another works, where 
* transverse barriers in Accrington material gave much trouble 
through disintegration ; on the other iiand the nuaterial was 
found quite suitable for bottom or side stone.s, where^ji^.acking 
takes place, no harm is done owing to the lead covering. 
Furthermore, longitudinal barriers .arc more easily cleaned 
than the transverse t>pc, and, if constructed in narki metal, 
are comparatively cheap, and last a long time. The transverse 
barriers, however, do not “muck vp" so easily, which is an 
important point when dealing with an impure acid^ particularly 
with waste nitration acid, so that, on the wITSIc, the balance 
of experience .'s in their favour.) The run-ofif pipe is now 
made in vitreosil' (fused silica Wairc). This pipe works under 
very exacting conditions; the end in the .saturex is at a much 
higher tcq3,pcratprc than „(hc end in the cooler. Previously, 
when the cooler lid wa.s lifted for examination, the inrush of 
cold air .sometimes cracked «the earthenware pipe, and a new 
pipe had to befitted. The silica pipes are not so liable to 
break,‘owiflg*fo their low coefficient of expansion (see p. nO); 

Recuperator.—The plateaux have been fitted with silica 
fc-calottes and supports, with satisfactory results, especially in 
■the tlvee lowest plateaux. In connection with the acid level 
in the plateaux, it is essential that the calottes should only 
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fit to half the depth gf the scallop, otherwise the draught will 
be choked in the ^ recuperator, mA poor evaporation results 
will be obtained. ^ * 

Condeneer^Thi.s^i.'^now builfc without any wocxi lagging 
^nd the coke in the ootl|)m is laid transversely instead of 
vertically, ^hc draught from the Ktsslcr hood enters at the 
bottom of the box and leaves at# the top. 


Working Data. 

Consumption of fuel in furnace per ton of 168*3'' Tw. 2*5 cwt. 
„ .. I. 167*8" Tw. : 2*0 „ 

i .|4 Tw. 1-12 „ 

Output per Tivt«ity-four Hours. 

(a) Dearscuicatcd Acid— 

Feed acid io6'’T\v'., concenlralcd acid i68*3°Tw. - io*8o Ions. 
„ lof/Tw., „ 144“ Tw. 20*00 „ 


(b) Arsenical Acid— 

Feed acid 115' concentrated acid t67*8''Tw. 
Jj^i/leraturc of ac:d leaving snturex 

on first pl.itcau .... 
„ of vapour leaving Kessler hood 

„ of gases entering Kessler 

Corresponding Ct )j. 

Temperature of gases entering Kessler 
Corresponding CTC. 


15*00 tons. 

245 <-'• 

210'' C. 

125-'c. 

750" c. 

7*5 per cent. 
710" C. 

6*4 per cent. 


H.P. consumption at fin, 5*5 K.M.P., and speed of fan, 1680 R.P.M. 
Fan outside of condenser box and delivering into chimney. 


Water-gauge at fan entrance . . . 7 in. 

„ Kessler hojd* . . ., 

„ cooh-rif.p.i »> 

Loss of Jiead going througji lix plateaux • Si n 


Approximately o*8 of an inch for cacli plateau. 

Strength and weight of acid from condenser box at 80“ Tw. per Ion 
of 168*3° Tw. acid = 4*5 owl. * 

Escape on 168*3°Tw. S*"®* culA: fac' 

„ 144 Tw. „ ^ 1*4 „ „ ,, 


(The Kessler of the type recomnfended above and the working 
figures, while very suitable for making small quantities 6f high 
quality rectified oil of vitriol ;srith good .working efficiency, is 
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out of date where big outputs ?re required, and unsuitable 
for working with dirty aJid, or*“spfcnt’’ acid from#nitration 
processes. In the latest iflodification of the Kessler type, 
the plateaux and calottes ^e abandmed altog2ther, and I'fie 
recuperator coivstructcd on the line^ or the Glover tower, much^ 
as in the Gilchrist concentrat<jr (sec p. 239). Eng^sh material 
is u.sed exclusively for the (jonstruction of the plant, except in 
the satusex, and gives excellent re.siilts under thc.se con^ioi^ 
The output of .such a unit with a l^rge (14 ft. 6 in.) sativex 
is about 30 tons per day of 95 per cent. IT.,SOj, with a feed 
acid of 135° to 140’Tw., when fired with a continuous gas 
producer. 


The Perrin Modlflcatioq of the KesAe^ Plant. 

Viallcix and Perrin' ( 15 . P. 8142 of 1911 ; P'r. P. 420563; 
U.S. P. 1066557 of 1913) modify the Kessler apparatus by 
constructing the saturex of a single central channel and two 
•side channels, through which the hot ga.ses arc aspirated. The 
“regenerator" is made to contain a number of superimposed 
lipllow’trays, arranged so that the acid “Werflows frqm one to 
another in a zigzag path; contact between the hej^wf”gases 
and the acid is secured by means of transverse ribs, which 
reach from tlie under surface of each tray to the level of 
the acid below; these ribs serving also to strengthen the 
trays. Lava <jr stoneware is used in the construction of the 
channels or trays, instead of the phmicc and porcelain used 
hitherto. ^ ^ . 

P'orthcr improvements have been made byT’crrin” ( 15 . P. 
118095 of 45*' "JWy >9*9; U.S_. P. 1301598), by the use of 
baffle plates in the flue.s, and diifping into the acid to form 
liquid seals, while the partitions between the flues extend 
downwards*nearly to the ‘surface of the acid, whereby the 
hot gases arc constrainecl to flow repeatedly in a transverse 
direction from one* flue to another during their passage along 
the flqps. ^n. the “regenerator," grooved instead of plain 
transverse ribs arc employed. The apparatus is shown'"iiT 
Figs. 90 and 91. * 

• C 

• * Chem. Ind. {Abstr.)y 1912, 81 , 187^; J. Soc. Chem* Ittd. {Abstr,)^ 

1911, 80 , 360. 

* J, Soc, Chtm, Ind. 1919, p. 629. 
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By means of a fan, *he gases coqiing from the p(odiicer 
are drawn'into the apparhtus through the central flue (A); 
theif^ progress towards the outlet is stopped by a baflle plate 



Fig. 90. 


(B), which forces them to pa.ss under each partition, and* 
into the side flues, but even here thii baffle plates (C and I)) 
prevent them from continuing to follow their path, and force 
them to pass for the second tync througjp the longitudinal 
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partitio'ns, and so on. ,In Fi^. 91 the arrows show clearly 
the path followed by the gases, wtiich, ,from the!/* admission 
to their escape from thb saturator, remain in close contact 
with the acid to be concentrated, ^xlic baffle plates, 3 ,*^, D, 
^ project a fc«w centimetres intqf the acid, so as to make, a 
hydraulic joint; this insures that the ga.ses c^iinot circulate 
under the baffle plates, while they pass under the partitions. 
• I’Oft-lioles are provided for the cleaning out of the^jnr_3tor. 
On leaving the saturator, the hot ga.ses are drawn into the 



Fig. g». 

regenerator, the troughs of which arc provicTecT with transverse 
ribs; the object of which is to keep back the gases, and to 
prevent them from tirculating 'too quickly from a lower trough 
to art upper one. For the same reason, the projections are 
provided* with a longitudinal *V-shaped groove. Suitable 
cleaning holes are provided in the sides of the regenerator. 
97 to 98 per cent. HJSO^ can be obtained with this 
apparatus. ^ 

figs.*92 and 93 show the layout of the plant as erected by 
V Messrs J. F. Carmichael & Co., Ltd., df Liverpool. The plant will 
give an output of 6 tons'per twenty-four hours of 97 per cent 
HjS 04, from chamber acid of 1-58 sp. gr. (ii6°Tw.), using 
14 tons of coke pjr 100 ton^ of condpntrated acid produced. 














r r I'j^i rt^i^TFfx' 




Fig. 92.# 


ifc! sonstruction in English-made acid-resisting • material 
presented far less difficult;^ than that of the Kessler plateau, 
with its elaborate up-stands and crlottes. The output, how¬ 
ever, was never quite as‘good as that of the Kessler* and 
the loss somewhat higher. Material made by Messrs Davison 
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of Cheijer, and The Accrington Brick & Tile Co. proved fairly 
satisfactory, and gave lilile trotible|,when the plarjt was kept 
in continfious operation ;*long stoppages, however, afterwards 
caused trouble through ,disintegrati 5 in, froip which iftlvic 
stone is muc^ more free. . ’ 

* Viaillieux and Perron (H. P. ^8302 of 1909; Fr. P. 397080) 
facilitate the condensat!o/i of the vapours arising in the 



concentration of .sulphuric acid, by embedding in the coke 
u.sed for this purpose, coils in which cold water or acid 
circulate.s^ or bj moi,stoning the •coke. 

Moss * de.scribes a atoc^med Kessler with open type plateaux. 
The saturex and, plateaux ^e constructed of vitrified earthen¬ 
ware blocks, the joints being made with special cement The 
cokc*conffumption is about 19 per cent. , • 

The author is indebted to Mr J. Rogers, Technical Manager, 
Nobel Industries, Ltd., fgr the following information on the 
working of the Kesjsler plants at Bembrey (1915 to 1918). 

‘ J. Soc. Chem. Itfd. (Trans,)^ 1918, p. 72. 
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The units were all of what is knowtf as the “ medj^m si*e,” 
the output of which may^be ttiken ^ in the neighbourhood of 
8 tons per day, conc(;ntrating from about 66 per^:ent. to 93 
pei*cent. HjSQj Tlic*outi)ut* varicjfi, of course, according to the 
jtrength of tlie acid treOTCci and of the acid j^roduced. The 
units embodied all the latcs*improverrents at the date of theiT 
erection. Both the Kessler and I’^frin types were used, and in 
a;ldi^ijj{J the experiment was tried of combining both,ty_ges of 
plateau in a single unit, tfle six upper plateaux being of the 
Kessler type, and the two lower, of the Perrin type. Modifica¬ 
tions of the baffling arrangements in the saturex were also tried. 
In one unit, one central transverse baffle only was built, and 
this was arched considerably, so as to allow the ga.scs to pass 
easily, but at*tli% same tirae^ to produce d‘mixing efTcct. 
Another unit was built with no baffles whatever, to test 
a view advanced that the baffles are of little value. It 
cannot really be said that any one, or even any combination 
of these ideas, gave what might be considered as a final 
standard type of plant. Attempts were also made to find* 
■a. s ubstitute for vol^ijc stone, chemical ware being tried for 
thi?^’.rposc. The results showed, however, that, with its 
drawbacks,*volvic stone was still the more satisfactory material. 
The calottes in chemical ware were e.spccially found to 
deteriorate rapidly. 

The following results were obtained on a .seven days’ 
comparative test of a Kes.'^er and of a Perrin Unit, and, while 
on accouiU of the shortness of the period of test they cannot be 
accepted as’rtnfflusive, they serve to illustrate the cour.se of 
ordinary good working :— 


I' 'orl^ng Data. 



Krkh^sr.* 

I'KilKIN. 


... ^ - 

• 

Speed of fun .... 

1 Speed of exit gases . 

SO*iQ exit gases 

Temperature at lop of re- < 
cuperator 

1510 revs. |)er min. 

21*5 ft. |>cr sec. 

2*8 grains jjcr cub. ft. 

► 8o'’-io5'’C. 

• 

1010 revs. j#er min. 

!*•$ f(. ]mT seo» 

3'0 grains rier cub. ft. 

II0''-I20''C. 

• 


• • 

) The Keftsler used lo the teat was that containtug two rciriii plateaux. 
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General. 


( 

'* ( 
l^^LKR. 

■ I'errin. 

1* 


Htroiigth. 

• Add. 

112.^4 ' 

StrengtlK* 

Add. 


( 

Strong acid pro<luced. 
Condenser acid . 

Fan acid . 

.Exiti^sses 

l’«r Cflut. 

937 

62'30 

38’5 

Tons. 

5647 

, 7-31 
1-36 

(f Tollfl. 

5274 

470 

072 

2-i6 

« 

Per Cent. 
92-0 
6273 
25-1 

Tong. 

*:3-76 

678 

176 

... 0 

Tons," 

40-26 

4-25 

0-34 

^I-20» 

Fuel consumed . 

Fuel consumed per ton 
H.^S04 produced 

475 tons 
o-o«3 „ 

37 tons 

0‘082 „ 


In general, it was found that all the varTations of the types 
of plant gave satisfactory service. At the same time Pembrey’s 
experience was that the Perrin Plant had a somewhat smaller 
capacity than the Kc.s.slcr, the ratio being as 4: 5. On the 
other hand, the simpler construction of the Perrin plateau 
is a point in its favour, especially when dirty acid has to be 
concentrated. The Kessler plateau is rtwire difficult to clean, 
and the calottes are easily damaged, thus adding^ of •Course, 
to maintenance charges. 


The Duron Uodlfloation of the Kessler Plant. 

Duron' (H. P.344 of 1913; Ger. Ps. 257559, 257573 ; Fr. Ps. 
453733, 453742) modifies the Kessler apparatus as follows. 

The heating gases are conducted in p-.rsDel ' branches, 
perpendicularly to the direction of the current of acid, over 
the top of this, thu§ exposing, the acid several times to the 
action of the hot gases. Two gas-flues are arranged at the 
longitudinal sides of the concentrator, and are connected by 
transverse channels, whiclij are connected in turn with the 
entrance and exit-flue. Thejloor of the concentrator is divided 
into three longitudinal channels, along which the acid from 
a regenerator cblumn flows in a zigzag path in the opposite 
direction to the heating gases. , 

Duron" quotes the remits of working his apparatus for 
•producing concentrated sulphuric acijl of various strengths up 

' J. Soc. Ckem, Ind. {Abstr.\ 1914,. p. 790. Chtm. Zeit., 1914, p. 559. 

I ' • 





concentrated before pasiiing over the surface of the acid in 
the reverse direction, the hol^jascs arc caused to give up their 
excess of heat to the gasc. .ictually effecting the evaporation of 
the water from tire sulphuric acid. By this means ^e dissocia¬ 
tion of the acid by the hot gases is reduced to a minimum. The 
concentration is effected in stages, ^n separate parallel channels, 
in which the currents of gas producing the evaporation pass 
simultaneously; and of which the relative dimensions *e in 
proportion to the quantity of water to be evaporated in each 
of them, and to the difficulties of ei'aporation. The apparatus 
is shown in Fig. 94. 

' J. Six. Chum. Ind. {Abstr.), 1917, p. 
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The^ath which tHe acid to be concentrated travels in the 
concentrator is along h, (\f, d, g, e, and h, where b is the inlet 
and h the* outlet. The gases, entering at a high temperature 
through the inlets i into j^hc Abes j, heat the partitions^ and 
after their temperature has been iSwercd by this work to a 
•point below which di.sspciation oi the acid does not occur, flie 
gases come in the spaced m directly in contact with the acid, 
where, by reason of their temperature and dryness, the;|^ffect 
'the evaporation of the water. This evaporation of tne water 
tends to lower the temperature of the gases, and hence ttfreduce 
their evaporating power; but the temperature is maintained by 
the contact with the heated under-surface of the partitions «, 
which have been raised to a high temperature by the in-coming 
furnace gase.st • • 

The re-heating of the evaporating gases is greatest at the 
point of exit, where the reduction of temperature would be 
greatest otherwise. The concentration of the acid is effected 
in progressive stages, by means of the arrangement of separate 
channels, heated simultaneously. With feed acid of ^5 to 67 
per cent. IL^SO,, the acid enters the concentrator from tjig^ 
“regenerator” column increased to 70 to 7O per cent, arsoiding 
to the final degree of concentration. ' 

I’er coiit. 

In ch.inncl r llic degree of concentralion is raised to 72-90 

„ ti „ „ „ 88-96 „ 

,, r ,, „ ^ ,, 92 ' 9 S '3 ,) 


The plant shown in Tig. 94 is built entirety,of volvic stone 
and acid-resisting metal, without any porcelain part.s, in five 
different sizes^ up to 30,000 kg., 92 to 93 per cent. HjS04 P'^’' 
twenty-four hours, and can be adapted for heating with coke 
coal, peat, oil, and tar. 

The fo'Kowiflg figures ate quoted in a recent trade circular:— 


'4 M 

CotKentration up to 66 lU. (92 to 93 per cent. HJSO4). 


Model III. 

Add at inlet.116'’Tw. 

Consumption of fuel . . . 6-8 per cent, coke 

Horse-power consumed . .t . 2*4 H.P. 

Production in 24 hours of 92*5 to ' 

93 per cent. H2SO4. . . 12,500 kg. 


Hcxl«l IV. 

ii6'‘ Tw. 

3*5 per cent, tar 
2-9 H.P. 


21,700 kg. 
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C^nceniratum up to 97 to \Jf> per cent. n^SOi. 
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Acid at inlet 
Consumption of fvtel . 

Horse power tonsumeil 

P.'odtiction in 24 hours of 97 5 lo y.'^j per cent. H^-SO* 


Mo.|qI Hi. 
lift'Tv/. 

; per cent, coke 
-:-5 II.P. 

• 53 ‘w 


^ ^ Efficienoy Data for the Kessler Plant. • 

TIv* fullowiii^r fi^uircs 011 the concentration of .sulphuric acid 
by the Kessler system are abstracted from the Report on the 
Statistical \\?*ork of the Factories Hranch of the Department of 
Explosives Supply, Ministry of Munitions:— 


H.M. Kactckv, I’kmhkev. 


•Week emlinp 6 A.M., ’ml Kcl.ruiuy 1918. 


Sheet 1>2. Couccutmtion Kessler. 


<it iiiai^ unikiiic- 
.\iiiiil>et cil' uiiii-(I;iys wnikcil 

Weak iirid < li.i^j^C'l . 
Containing’ n„St)^ . 

Siroiij’ arid |)r<,niurctl 

('oiiUiiiimK U .SC)j . 
H.^SOJosi 

Loss jK.Tcent.ij;e <-!' U-.SO^ 
wc.tk arid char^'cJ 

Fuel (onsuniC'J . 

Fuel <’on<utn*C(! ♦K.^SU^ 
in slr'iiji’ acid jjtiKiiKe<J 


T..N 

l.'J’. Wftstf Aci'I. 


14 

'J74 

IllJ’l tons 

f.r)'33 

nio „ 


7<>.Cfi n 

‘>1-75 

/, 702-4 „ 


34'd „ 

4'7 /' 


• • .. 

Coke 

. . 2K-1 ,, 

C.ul 

• • 0-0(» ,, 

Coke 

. . 004 „ 


11 o.V. «im 3 N/(i ftii.l N/0 b 

Watitii AfliJ. r 


7 

4 S 


77 -n 7 , 

711-5 Ions 
54 «-ti „ 


582.1 „ 

90-98 ■/ 

529 -^> n 


19-0 „ 

C.KlI . 

.V 5 % 

- 2^-9 „ 

C..kc . 

. ifj -9 „ 

Coal , 

005 „ 

Coke . 

' 0*03 0 


CONCENTRATION OF ^ULPHURIO AOW m THE 
GAILLARD TOW^JR. 

Gaillard' (H. T. 23S41 of 1^5; H. P.‘ 12538 of 1906; 
JJ.S.p’s. 85rx)48, 859757. ami 859759; Gcr. i’s. I(i2i5> and 
2059*12; Fr. Ps. 359442,^67376, and 390807) introduced an 
entirely new principle in the atomising of the acid to Bb 

‘ /. Sac. Chem. Ind. {Abstf\ 1906, p. 638 j / iVw. Chem. Ind, 1007,* 

p. 201. 
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concenti^ted, in the form of a fine spra^ down an empty tower, 
up which liot gases from aieokc ]^rodijcer are ascenditig. Under 
tliesc conditions, the conlnct between /lie acid and the hot 
gases is as intimate as possible, anjl bvaijoration takes j 51 ace 
regularly throughout the tower, so that the acid arrives at tjjip 
'bottom of the apparatus in a l/ghly concentrated condition, 
and the gases, which enter ;he base at a red heat, are reduced 
consicleiably in temperature when they leave the to^ the 
tower. ■ The concentration takes |llace quite independent of 
any special design of tlie plant, and the tower acts _^icrely as 
a sort of passage or flue for the hot gases and ata'd fumes to 
travel. There is, therefore, very little to break or get out 
of order, and the life of the tower depends entirely on 
the acid-rcsistiiig qualities of the materi&l of which it is 
constructed. 

The earliest plants which Gaillard erected consisted cs.sentially 
of a gas producer, a tower, a scrubber, and a fan; but it was 
'calised very ([uickly that some form of recuperator was 
neces.sary, and a small tower, similar in shape to the main 
tower, was introduced into the .syst^'in in front of tjjai« 
scrubber. Weak acid was atomised down this tower tifthe 
same way as in the main tower, and slight preliminary 
concentration of the acid effected. At the same time the 
temperature of tlie gases leaving the recuperator was reduced 
to such a degree that they could be forwarded safely to the 
coke scrubber. , 

Recke ‘ gives particulars of the plant outlined aljovc. The 
producer is charged with coke, and is 3 metises Kigh, 4 metres 
long, and 2-8 metres w'idc. The main concentrating tower is 
15 5 metres high, and consists of fifteen volvic rings, superimposed 
over one another, without any mortar or cement. Each ring 
consists of,eight lava blocks, held together by lead-covered iron 
ring.s. The blocks have V- shaped longitudinal grooves, so that, 
at the junction of each two b'oeks a channel is formed, which is 
filled with a cement of volvic powder and sodium silicate. The 
towel at* the bottom has an internal diameter of i-yo, and 
at the top 2 0 metres; the thickness of the walls is 450 mm. 
at the bottom rings, 400, mm. at the fourth rings, 250 mm. 
at the three following rings, 200 n,m. at the three following 
' C^m. Zeit, 1910, pp. 17^ and 182. 
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and ISO mm. at the four top rings. *The top of the tower 
is formed of four volvic plates, with an inlet for uic spray 
nozzles, and a 500 min outlet for th# waste gases. The bottom 
of the tower is forineci 1^ a tray ^00 mm. high, with twelve 
outlets for the hot strong acid, which is cooled by a tubular cooler, 
80 metres long, placed in the bottom tray round the tower. The 
recujxirator tower is made of 4 mjn. lead, lined with 80 mm. 



stoneware plates, and hcIi! argctl'.er by a frame of wood and iron. 
It is 8 to to metres high, i-5i*metrcs wide outside*'-34 metres 
inside. It is placed on a wooden or iron frame, at such a Iieight 
that its top is at the same level »s that of the main tower. It 
has two spray nozzles at the top, and an outlet for acid at the 
• bottom, and is connected with the top of the mairf tovi^r by 
a volvic or stoneware pipe, 500 mm. wide, dc.scending from 
the latter and entering it near the. bottom. From the top of 
the recuperator, the gase.s pass through a coke filter, .whiclr 
consists of a wooden box lined wjth 3 mm. lead, 3 metres high. 
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7 metrca^long, and 5 metres wide. The gases enter at the top and 
leave at the bottom. The cok6 resp on a grate of acid-proof 
bricks, anil is graduated in size from fio to 100 mm. at the 
bottom to 15 mm. at the top. ^hefgA.ses arc.drawn through 
the plant by ipeans of a fan. 

The plant is worked a.s fc/dows: The gas^ producer is 
charged every two or thrgc hours with coke of 40 mm. size, 
which should be dry and free from non-coked co.'jj, •tv'hkh 
would impart a brown colour to’'the acid. The gas meets 
.secondary air preheated by a firebrick grating, and^'nc flarnc 
enters the base of the tower, where it meets the adit converted 
into ;i fine sprtiy by mc.ans of a nozzle and com[)ressed air. 
The concentnitcd gas flow.s through a cooler in the bottom 
tray. The gases leave the tower at its "op," and enter the 
recuperator tower at a temperature of 2 (X)"C., where the acid 
mi.st is retained partially by the weak acid falling down the 
tower. The uncondensed gases pass then into the coke 
scrubber, through the fan, and out into the atmosphere. 

Stolzcnwald' states that the life of the plant is ;<bout six 
years, and that the acid requires to tifj filtered carefullvjn«- 
order not to choke the spray nozzle.s. This is also pointtMout 
by Liittgen." 

Lowy and Klag.sbnmn (Aust. 1 ’. appl. A6792 of 1909) in 
the ca.sc of acids forming cru-sts of ferric sulphate, collect the 
hot acid in an acid-proof dish, from which it runs into an 
outside .settler. , 

J. W. I’arkes and E. G. Coleman ■* describe the development 
of the Gaillard concentration plant. 

A plant of similar design to that described above was 
erected in 1908 at Messrs Kytiix’h, Ltd., Explosives Eactory, 
Arklow, Co. W'icklow, and produced an average of 50 to 60 
tons of 95,per .cent. M.j.SQ, from'a feed acid of 68 to 70 per 
cent., with a fuel consumption of 14 to 15 per cent, of the 
weight of finished acid. The fume from the hot acid in the 
basin was an objectionable feature of the plant, and the cool¬ 
ing sy.steA’i was difficult to maintain in an efficient condTionf 
^s the pipes became covered rapidly with mud. The port¬ 
holes for the outlet of the acid into the basin silted up 

' angev. Chem., 1910, p. 1976. ^ Chem. Zeit., 1910, p. 23. 

^ J. 8V?c. Chem. Inii..{Trans.\ 1920, p. 257. 
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frequently, and when'the inside of the thwer base became 
choked w ith sludge, it w^s necessary to close down the entire 
plant and* clean out the „mud frorfi tlje' inside of the tower, 
the only entrance to which^was 'through the g^s flue from the 
producer. 

* The first 'Gaillard .tower b^lt entirely of acid-resisting 
blocks (obsidianite) was Erected in Natal by the same firm 
in 1911, and a mo.st important improvement was carriqjj,. out 
also at this time by the installatidn of a sloping bas*e inside 
the tower, and the introduction of a sealed mud setd^.Tg tank 
and cooler. By this means fume from the base ef^he tower 
was prevented, and the sludge deposited was trapped by the 
mud-catcher, and washed out through the sludge pipe fixed 
in the bottom'; whilst any collecting in thc.tovicr bottom was 
removed readily by means of a rake through an opening 
provided for the purpose in the wall of the tower (sec 
Fig. 100). 

A short description of the plant as worked at Arklow 
(1915-1918) is given below. 

Gas Producer for Gaillard Tower. , 

The gas producer is shown in Figs. 97, 98, and 99, and has a 
combustion chamber 4 ft. 3 in. square by 7 ft. 6 in. high above the 
fire-bars. The grate is formed of fifteen wrought-iron bars, 1 1 in. 
square, which are rounded to rest and turn on grooved cast-iron 
bearer bars, and extend through the back wall of the furnace, to 
facilitate their being turned by means of a ke^ silnilar to that 
u.sed on pyrites, burners. A charging hole, 14 in. by 12 in., 
communicating with the combustion chamber, is formed in the 
top of the producer, and is scaled by means of a heavy 
armourc'd fijqbrick slab. Outsid'o. thc firebrick lining of the 
combustion chamber, the .sl'icll of the producer is pierced by 
a series of channels through,,which the .secondary air passes. 
By this means the air is lieatcd before mixing with the pro¬ 
ducer «ga.s in the entrance flue to the main tower, and at„the • 
same time acts as an insulator. "J be coke is weighed in 
quantities of i cwt. in wi^e baskets, and elevated to the 
producfr top by means of a pneumatic hoist, where it is 
dried by the radiant heat before charging. When the furnace 
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13 ready for charging, 12 cwt. of^coKe is tipped from the 

baskets through the charging holij, and the openlfig sealed 
again, lliis is carried o^it every »ix hours, and tfte bars are 
turr.ed every J:wo hofir* to ‘ shaly up the fire and remove 
the ashes. 

In a recj:nt design of p^nt, a irrcducer having two com* 
bustion chambers, charged altcrn.-^tcly, has been .adopted. A 



f iG. 97. 


charge consisting of 75 per cent, ■flithr.acite and“5 per cent, 
coke has been worked successfully on both the single and 
double furnaces. * 

Main OaiUard Tower. 

• 

The tower is erected inside a dish formed of 30-lb. sheet 
lead on a concrete block, .standing .about 3 ft. 3 in. abi^ve the 
floor level. The floor of the dish is protected by a layer of 
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4 in. obsidianite slabs,set in acid-aesisting cement. On this 
floor, the .curved blocks, |4 in. by ji in. thick, ancj^f varying 
widths, forming the s*hell of the tov^^:r, are erected and properly 
jointed with ati acid-prolf cement*consisting of finely-ground 
obsidianite or lava de volvic and silicate of .soda .solution^ 
great care being taken to c^isure tjiat the joint.s and cavities 
in the rings of blocks are properly filled and con.solidatcfl with 
Ihe^cnjent. The blocks arc laid so as to break joint, as in 
brickwork. Up to a height of lO ft. 6 in. above the floor of 
^e towc; the shell is built, five blocks thick, at which point 
the inner ring, which .serves the purpose of protecting the 
main blocks from the hot gases, i.s discontinued, and at a 
height of 24 ft. above the base the outer ring is discontinued. 
The shell is compri.scd of three blocks in thiefeness, up to a 
height of 36 ft. 6 in. above the base ; and from this point is 
continued, two blocks in tliickncss, to the top of the tower— 
a total height of 48 ft. The internal diameter of the tower 
is 6 ft., except for the height of the protecting ring>, 
which i.-. 5 ft. 6 in. diameter. Each tier i.s secured by lead- 
covered igjn bands.** The gas inlet flue enters the slw’ll at 
a height of 5 ft. 6 in. above the ba.se—the latter being 
built up to form an incline from a ijoint 6 in. below the 
gas inlet to the level of the base tiles at the acid exit from 
the tower. 

The tower i.s surmounted with a volvic stone top, 9 in. 
thick, in four sections, heii together by iron bands. The top 
is pierced r^ith six atomi.ser a|)ertnrc.s, and also for the gas 
outlet pipe. tUc gas pipe (18 in. diameter), which conveys 
the gases from the top of the m;iin tower to’the foot of the 
recuperator, i.s constructed *of curved obsidianite tile.s, i J in. 
thick by 12 in. high, and covered with Q-lb. sheet leatl band.s, 
and supported by a timbef framc^ and ercctod #;i a block of 
volvic stone in which the bend connecting to the recuperator 
is formed. This block bend is tovered with 9-lb. sheet lead, 
and set in a lead saucer on the recuperator floor level^ 


Recuperator. 

The recuperator tower is erected on a platform 15 flu abo^ 
the ground floor of thte plant., The towe^ (29 ft. high by 4 ft. 
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6 in. internal diameter) is, built of one thickness, of obsidianite 
blocks, 3^in. thick by 24 it. by 1*51 in., jointed and ^et in acid- 
resisting cement, and covered with 9-ib. srlfcet lead, and erected 
inside a 14-lb. .sheet lead iaucer. 'I'hl cover of the towbr is 
formed of t4-Jb. sheet lead, supported by lead-covered irjfi 





bars, and is pierced by two atomiser apertures, and by an i8-in. 
gas outlet p>oc.. Under normal working conditions, there are 
two sprays atomising the ' acid down the recuperator, and 
the acid overflowing from, the foot at a temperature of 
150' to 160'’ C. runs through a cooler, to reduce its temperature 
to 50* to <k>° C., before passing to the feed tanks for use on 
the main tower. 
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Scrubber.! 

• 

From «the recup^ato| tower tltfe ga.s pa.sses \f) the top 
of tjie scrubber, whiclj |;onsists of a lead-lined bo,\', i6 ft. 

5 in. square l)y 13 ft. high (inteilial dimensions). The box 

sheeted half way up the sides with timber, «nd lined with, 
14-lb. sheet‘lead. The bottim of Hie scrubber is paved, with 

bricks, on which is built n series of brick channels, 
covered*with spaced tiles* on which the packing istjilaced. 
The ce^e used is the very best hard steel coke, free from 
ifon and ^other impurities. A foundation is formed with 
a layer of 12-in. coke, to support the main packing, which 
consists of pieces of coke graded uniformly from 3-in. to ^-in. 
pieces, covcreij wijh a thin layer of very fine Qike free from 
dust. The condensed acid rnns from the bottom of the 
box, through a cooler, to a Pohlc air lift, and is elevated by 
this means to a small di.stributing box (18 in. diameter by 
18 in. deep) on the top of the .scrubbers connected to automatic 
flush sij^ons feeding luted or scaled distributors on the top' 
of each scrubber. By means of this .system of circulating the 
scrubber ZKid, the <!Skc is cooled and moistened, anfl the 
acid raised %in strength to 90" to 100° Tw. 

Pan. 

The draught through the .system is produced by means 
of a l6-in. Kestner high-pressure fan, direct-coupled to a 
lO-B.H.P. motor with a variable speed control of 900 to 1700 
revolutions ^er^inute. 

The following manometer readings are typical of the 


resistances offered:— » • . 

• 

Manomotor 

Heading. 

]|«sliU&ce. 

• 

At inlet to main towci* . ., — o-6 

• • ... 

At outlet from main tower .’ - 11 

0-5 

At top of recuperator . ,. - 19 

At inlet to,scrubber . - 3 0 

0.8 

M 

At inlet to fan . . . - 4-5 

J-5 . 

At t^it.-(■ 01 


The gas is expelled from the_fan into 

an 18-in. exhatst 

pipe, which is carried irp through the roof inside th^ main 

tower building, and discharges, into the 

atmosphere. The 
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centrifugal motion imparted by the fan to'- the gas rafects a 
further c«^ndensation of the acW mist escaping through the 
scrubber, dhd the condensed acid (6fi° t^yo’ Tw.) runs away 
to a central receiving box. . - 

Acid Oircr^’ation. 

liach tower is supplied by three vertical cast-iron eggs 
(each 3 'ft. 9 in. internal diameter by 5 ft. 6 in. total height),’ 
which are connected with the atomisers at the top of the 



FiO, loi. 


tower and its recuperator, by means of a i-in. extra heavy 
lead pipe, through which the acid is blown by compressed 
air at 8o to 85 lb. pressure. Each egg is worked in turn, and 
is not blown'completely ciiipty, so that any mud or sediment 
wilt remain at the bottom, and not tend to block the pipes 
and atomisers. As an additional precaution, two grit traps are 
inserted in the pipe line at the tower top. Fig. loi. The atorniser 
is made in regulus metal, of a composition of about 88 parts 
ICttd and 12 parts antimony, and comprises three essential 
parts—viz., the body (A), ckp (B), and spiral centre (C). The 
extension on the under side of the cap terminates in a cone- 
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making joint, with tne feating in the body (A), to^'hich it 

is secured by means of bi^lts. The sjfiral centre is essentially 
a double-threaded worm,»with a tf/o ji'art square thread of 
|-in. pitch, having an cx^ende'd sl‘i* to faqilitate removal. 
The acid- is forced through the atomiser by compressed air, 
'and given a'rapid rutating motion by the spiral cenfre, 
and expelled through the outlet in a uniformly fine spray 
in the .form of a hollow cone. The concentrated acid fetliog 
lo the base of the tower runs intd a mud-catcher, aifd thence 
into a cooler. The mud-catcher is formed by an extension 
of the 30-lb. lead saucer of the tower in the Jihape of*a 
cylindrical tank, the wall of which is lined with obsidianite 
tiles 2 in. thick, set in acid-resisting cement, having an internal 
diameter of J ft. 2 in., and a depth of 2 ft. 3’;n. It is fitted 
with a detachable steel cover, and a 4-in. outlet pipe for 
the removal of the mud. The inclined base of the main 
tower is extended through an opening formed in the tower 
wall to the edge of the mud-catcher. To rake out the mud 
deposited on the inside of the tower base, the plaiit is shut 
down, and a special movable block abo^gs the outlet removed. 
A rake is then inserted through the opening, and the sludge 
pulled into the mud-catcher. At a height of 34 in. above 
the base of the mud-catcher, the acid runs through a T-pipe, 
which dips into a cooler. This is a cast-iron cylindrical 
vessel (3 ft. 2 in. internal diameter by 3 ft. 11 in. deep) fitted 
with a mild steel water-jacket. The water is cooled by means 
of two coils, each 3 ft. 5 in. high, and made of si.xteen turns of 
IJ in. by 16 lb. per yard lead pipe: one 3 ft. in'Jiahieter, and the 
other 2 ft. 6 in. in diameter. The cooling water runs through 
the two coils in paral'el, and then d1.schargcs into the outer jacket. 
The concentrated acid from the cooler (lows into eggs, from 
which it is.blqwn to the storag'o tanks. 


Output of OalUard Tower. 

The cjtput varies according to the strength of teer^ acid • 
supplied, and to the degree of con-;entration of the finished 
acid. With a feed acid of 70 per cent. H^SO,, the tower 
concentrates 30 tons per twenty-four hours up to a strength 
of 95-5 per cent HjSO,. The output increases rapidly as the 
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strength \f the finilhed acid falls, an| tEe tower will produce 
40 tons per^twenty-four h'burs of 92 tcj93 per cent. 

The approximate *iemleraturc.s «t the various points of 
the system are follovfs I— 



Furnace .... 

. JOOO 

to 

I i(X>iC. 

Mining chamber 

. « 850 

„ 

900" c. 

Kntcring tower 

750 

„ 

800” c. 

Recuperator , 

. 195 


205° c. 

Scrubber. . .• . 

100 


no" C. 

Fan. 

. 60 


70" c. 


The chief guide to the working of the plant is the tempera¬ 
ture of the gases entering the recuperator; and, to facilitate 
the controlling ^f yie plant, this temperature is .recorded by 
means of a pj-rometer fixed in ti convenient position on the 
ground level. If the temperature rises, there are two courses 
to adopt; (i) increase the flow of acid down the main tower 
by bringing into use larger or achlitional atomi.sers ; (2) incrca.se 
the volume of secondary air. As a further guide to the 
working oT the plant, the strength of acid leaving the coolers 
is recorded hourly, ** 

Kaltenbaaii ‘ states that a standard tower, 3 metres internal 
diameter, will produce about 52 tons of 93 per cent, acid per 
twenty-four hours, with a coke consumption of 10 per cent. 
The ga.scs from the producer enter the main tower at a tempera¬ 
ture of about 850°, and leave it at 200 to 220°. 

For satisfactory work, th(#gascs should leave the recuperator 
at a temperatui* just above their saturation point—say, 
120 to 130°. 

The Gaillard Phwl at Queen's' fierry. 

A very valuable and intej'vsting monograph on tin? con¬ 
centration of sulphuric acid, with ♦special reference to the 
Gaillard concentrators, at H.M. Factories, Gretna and Queen’s 
Ferry, has been published by the Ministry of Munitions and 
- Departnfffit of Scientific and Industrial Re.search (J'echmcal 
Records of Explosives Supplies, No. 3), from which the following 
facts are taken. The concentration plant at Queen’s Ferry 
consists of two batteries of eight tow?rs each, complete with all , 
• Chtmii et Industrie, 1911, p, 143 ; J.^o(. Chan. Ind. {Ahst.), I92i,p. 256. 
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the nec^sary furnSces, recuperators, fecrubbers, feed tanks, etc. 
The general arrangemenf of on« of thp units is sliown iy Fig. 103. 

Furnace .—The prV,luc|r gas is supplied from a central gas- 
producing plant, throng i bri’ck-liiicd flue (3 ft. by 4 ft.), into 
an iron-cased combustion chamber (5 ft. 6 in. by 6 ft: by 4 ft.). 
Primary air is delivered through a iirick cheiiuer into the 
front of the furnace, and seflmdar^ air is admitted through 
a.s(^(flratc opening on either side to the top of the furnace. 
The proSucer gas is burncfl with an excess of secondary air, 
and the hot gases pa.ss through a brick flue (27 in. diameter) 
into the b:^c of the main tower. 

Main Tower .—The tower is 47 ft. 6 in. in height from 
the base to tlie springing of the curved top, and is built of 
joggle jointed tfeid-proof bricks m rings, each 3 iin thick, bound 
together by lead-covered mild steel hoops spaced 20 in. apart, 
with an internal diameter of 8 ft. 6 in. for the lower 13 ft. 6 in., 
and 9 ft. for the remainder. P'or 13 ft. 6 in. high the tower 
wall is built up of six rings; for the next 10 ft., of five rings, 
followed -by 11 ft. 8 in. of four rings, and for the remainder 
of the height of only-..three rings. At each point at which 
the tower walls arc reduced in thickness, .special bonder 
courses are inserted. The tower is built with an inclined floor, 
which discharges into a mud-catcher, and is provided with an 
opening, 15 in. by 2 ft. 2 in. wide just above the top of the 
mud-catcher, to facilitate cleaning. When the tower is working 
the opening is closed with a movable acid-resisting block. The 
mud-catcher is a cylindrical box, 4 ft. 6 in. diameter and 
4 ft. 6 in. deep, ljuilt up of acid-proof bricks inside a leaden 
dish of 30-lb. lead. The tower top is built up of acid-re.sisting 
blocks in the form of a domi, 7 ft. 5 in. r.adili.s, and is pierced 
with a 24-in. diameter gas outlet, and five to nine spray blocks 
for the atomisers or sprays, i. * ^ ,, «■ 

Tower Off-Takes .—In the earliest jdants the gas from the 
top of the tower passed into the* bottom of the recuperator 
and ou^at the tup, but the concurrent .system shown on 
Fig. ID4 has been installed on later plants, as it #as iRund 
to give better ’results, owin^ to the decreased resi.stance offered 
to the passage of the gas. The 2|.-in. off-take is formed of 
silicon iron pipes, and is tkken centrally from the top of the* 
main tower and led at a .sligljt. slope into the top of the 
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recupera'or tower, which is built witn Scid-resisting bricks In 
the shape of a dome to rcceii#c it. ^ ^ 

Reatperator. —The rec|pcrator aonsists of a lead-covered 
tower, 30 ft. 8 in. high aid 5 ft. ft.xternal diameter, built up 
of acid-resisting blocks two rings thick for the first 14 ft. 4 in., 
and one ring for the remainder. The diameter of the lower 
portion is 4 ft., and of the tipper,^ ft. 5J in. The blocks arc 
creCt^d on top of an acid-proof base inside a leaden saucer, 
and the‘bottom course is'built .so as to allow the 'acid to 
overflow at a height of 2I in. above the base of the tower. 

Scrul>b‘’r. —From the base of the recuperator the gases pass 
through 24-in. lead-covered earthenware pipes to the bottom 
of the scrubber, which consists of a lead-lined wooden box 
30 ft. by lO ft. by n ft. deep, packed with graded coke. The 
bottom of the scrubber is covered with acid-proof tiles, on 
which a brick chequer work is built to facilitate the even 
distribution of the gas, and to provide a support for the coke 
packing. The sides of the scrubber arc protected by an 
acid-proef lining tile 11 in. thick, up to a height of about 6 ft. 
When the .spaces in I'-c brick grid chequer work arc filled with 
large pieces of coke, the whole surface is covered with an 
8-in. layer t)f coke, 4 in. in size, and then with a 4-in. layer 
of coke, 1 1 in. to 2 in. in size. The remainder of the .scrubber 
is packed with coke graded regularly from in. to | in. The 
gas pa.sses from the top of the .scrubber through an 18-in. lead 
pipe to the fan placed underneath the scrubber. 

/'}m—rhc draught through the .system is produced by 
a high-pre.ssui-e*Kc.stncr fan, two sizes of which arc in use: 

(l) 16 in.; (2) 21 in. (two designs). 

The fans arc belt-driven, .Aid the g.ascs .'-.re exhau.sted through 
an l8-in. main into the fl .e.s of the Cottrell prccipit.ator. 

OWu/a//h».—Froir'. the feed .acid storage tanks the 
weak acid gravitates to eight leacl-lincd horizontal cast-iron 
egp, each 4 ft. 2 in. internal diameter, and 18 ft. 6 in. long, 
built uphill three .sections, with two .spherical ends fitted with 
manjjolc covers. Each pair of towers is supplied by two'eggs, 
which arc connected wirii the atomisers at the top of the 
towers and recuperators by means of li-in. lead main, through ‘ 
which the acid is blown by compressed air at a [ircssure Af 
80 lb. per square inch.- The cyijcentrated jiciilifrom the base 
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of the tower flows through the micl-latcher into a cooler, 
3 ft 6 in. internal diameter by 4 ft. 8 in. deep, fitted with an 
external water-jacket and*thrce leaj cooling coils. From the 
coolers the concentrated aCid flow's qjvay to storage tanks. 


The Counter-airn'nl System of work-ing the Reeuperator com¬ 
pared with the Concurrent System .—Witli a lrt-i‘i. Kestner fan 
running at 1440 r.p.m., the avtrage draiiglit on the two .sy,stems 
was J .5 follows ;— 


• 

('uiiiitfir.rurrMit. 

IlK’lll'H 
t.f WiiUT. 

Concurrent. 
lnclu>A 
of WaU'C. 

Furnace 

, . 0*2 

0*i 

Tower outlet 

• 0-5 

0-6 

Recuperator outlet 

20 

0-9 

Fan .... 

• 37 

2-4 


The output w.a.s Increased from 40 to 45 tons per twenty-four 
hours of 92 ()er cent. H.,S(), from a feed acid of O5 to 66 per 
cent, to 60 tons per twenty-four hours, by the alteration to 
the concurrent method of working the plant. 

Recent Improvements .— In the latest installation further . 
improvements have been made by [li) the sub.stitution of a 
“box” type of recupe.ator; (/;) the sub.stitution of pumps for 
elevating the acid in pl;icc of eggs ; (<) the in.stallation of a 
cooler for the .icid leaving the base of the recuperator tower. 

(a) “ Bo.y" Recuperator.—tWIss, consists of a 12-lb. lead box, 

II ft. 3 in. by 6 ft. by 10 ft, 9 in. high, st.uuling in a 30-lb. lead 
saucer, and lined with 9 in. of .acid-resisting brickwork. The 
24-in. inlet pipe is built o^ obsidianite inside the recuperator, 
and the outlet from the top consi.sts of a 2l-in. lead pipe. The 
gas pas.scs from the ba.se of the obsidianite inlet pipe through 
chequer brickwork, and a 6-in. grid of acid proof slabs, spaced 
3 in. apart, and then throngla two layers of 6-in. (juartz. On 
top of this arc placed two 3-in. I.ayers of chequer brickwork, and 
then the main packing of the fecupqrator, which consists of 3-in. 
pottery rings of the standard pattern The rings are followed 
by .several courses of 3-in. brick clJtquer, and the recuperator is 
cove. ':'-by brick slabs 5 ft. l in. long. The cover is fitted with 
a series of lutes, to ensure an even distribution of acid * 

(b) Acid Circulalion.-d^\\Q. weak acid from the feed acid 
storage tanks gravitates to a set of three cast-iron centrifugal 
pumps, and is elevated to a constant head storage tank, from which 
it flows to a series of small lead-lined tankj, immediately over 
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the tops, of the box. reciiperitors, and isTed into the distributors 
and lutes.^ The acid whfch itollpcts at the base of the recuperators 
passes through a cooler a«d then fl^ws to storage tanks for the 
main tower on,the groiiadTlevel. AJl the weak acid to be concen¬ 
trated thus passes through the recuperator before being fed to the 
main tower. From the ground level storage tanks the acid i^' 
elevated bythree centrifugal philips to two lead -lined .storage tanks 
on Ji.’i extension of the tower top plattonn. A further three pumps 
arc in.stifllcd to deliver the iR:id from thc.se tanks to the afomi.scr.s. 

• The GaiUard Plant at Gretna. 

The author is indebted to the courtc.sy of Mr J. C. Hurnhain, 
Superintendent, II. M. Factory, Gretna, for perini.ssioii to alxstract 
the following partioulars of the Gaillard jilants from his Report 
n.M. Factory, Gretna, “ Description of I’laiit and I’roccs.ses ” 
(pp. 101-108). 

Gas Heating System .—The producer gas is conveyed from a 
central producer plant through a 36-iii. brick flue, and to each 
furnace through two 8-in. .screw gas valves. The gas is burned 
in a combu.stion chairjiicr (9 ft. long—internal—by 9 ft. wide) by 
the admi.ssioii of air through two 9-in. primary air ports, in 
front of th? furnace. .Secondary air is admitted through 6-in. 
secondary air ports, and the whole of the gases arc then passed 
through a brick chequer into a brick-lined .steel chamber. 

Main Tower .—The hot gases from the chamber jiass through 
a 23!,-in. diameter pipe into the ha,sc of the main tower, which 
is 50 ft. in height and 10 fl* 8 in. internal diameter. The tower 
is built of volvic*.storie of an average of 8 in. thickness, the actual 
thickness decreasing from bottom to top, and , is lead-covered 
and supported by iron bands-spaced about 18 in. apart. The 
tower is erected inside ,i .saucer of 30-lb. lead, and the volvic 
stone floor slopes towards tljoacid outlet (25 in. hj' 14 in.), which 
di.schargcs into a cylindrical sludge box (5 ft. internal diameter 
by 5 ft. deep) built of acid-proof til#.s, and IcarJ-covcred. A .special 
rerp.PY.ablc sludging .stone is provided, to facilitate the cleaning of 
the Uawer ba.se. The acid flows from the sludge bo« thr(Jugh a 
6-in. Narki rfietal bend into a cooler similar to that dc.scribcd on 
p. 208, and flows then to the concentrated acid storage tank.s* 

Recuperator .—The gases leave the top of the tower through 
a 22-in. diameterioutlet,^and pajs. through lead-covered earthen- 
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ware pipes to the recuperator, whichjconsists 8f a stone chamber, 
6 ft. 6 in. by 4 ft. 11 in. internal dimenfions, covered /ith lead, 
and standing in a lead sa«ccr. Thc| chamber is packed with 
acid-proof brick.s over which,a regular ficfv of acid i.s maintained 
to cool the hot ga.scs. 

* Scrubber .—Tflie scrubber is a leaden bo.x (31 ft.^by 15 ft. by 
12 ft. high) of the usual type^ andfchc packing consists of about 
8 in. of 4-in. coke, 8 in. of 2 to 2l-in. coke, and 7 ft. 6-in. ofcbke 
graded from ll, to | in. The gascs^pass upwards through the 
packing, and leave the scrubber top through an l8-in. outlet pipe 
leading to the 16-in. Kestner fan, which produces the draught 
through the .system. The fan runs at a speed of 1800 r.p.m., 
and moves approximately 3600 cub. ft. of gas at a temperature 
of 80’C, with'a suction .at the Jan inlet of'6.t-in. water-gauge. 
The exit from the fan is connected with a 19-in. lead pipe, 
through which the fumes are discharged into the atmosphere 
above the roof of the buikling. 

Acid Circulation .—The feed acid gravitates from the storage 
tanks to the lead-lined cast-iron eggs, each of whch holds 
approximately 8} tons of the u.sual featl acid (70^ to 75 per 
cent. H3SO1). The acid is elevated through a it-in. lead pipe 
by means of compressed air at 90-lb. pressure, to a'spray main 
common to all the towers, liach tower i.s fed by five l-in. 
branches connected to an atomiser or spray. 'I'he sprays are 
cla.ssificd according to the diameter of the orifice in tenths of 
millimetres, the two large.st sizes being “ 50’s” and ‘ 6o’s,” which 
correspond to orifices of 5 mm. and 6 mm. respectively. The 
feed capacity of a “60” spray at 40-lb, pressure, equals 1 ton 
per hour. 'I he- acid for the recuperator i.s pumped from the 
weak acid storage tanks to the feed*tanks above the distributors 
and fed in through the lutes. The hot acid from the ba.se is 
run through coolers and thep into* .ttorage tanks, from which it 
can be drawn either to thejeed eggs or to the pump.s. 

Output .—The plant is capable of producing 90 tons of 92 
per cent C.O.V. per tower per day from a feed acid of jaXt 78 
per ceVit acfd with a 99 per cent, recovery. • 

The following figures on the conc 5 ntration of sulphuric acid 
by the Gaillard tower arc ^ibstracted from the Report of the 
Statistical Work of the Factories Brahch of the Department of 
Explo.sives Supply, Ministry of Munitions (pp. 143 and 144):— 
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H.M. Factory, ^Xeen's Ferry. 
Monthly Report? 


Mojth ending 6 a.m,, 2yih Dccemlier 1917. 


GAII.I.ARI) TOWKR^ RECORD. 

Sulphuric Acid Couccntixitors ('/’.A''./'.), 


Units Working, 11-2. 




ivr 

C'l'llt. 


% 



• 



Ohahokp. 

• 

Tons. 

Tons 

H.MSO4. 

Tons 1 
hO.,. 

I’lioiiin'Kii. 

'I’oll.S. 

l^.r 

Tons 

TotIH 

HOa. 

• - 










Sulplinric acid 

iS3i3-f’ 


IOI22.4 

S2(0-7,' 

Sulplilllic acid 

io</{>S-5 

<JOh )1 


SoCiO'O 

Fuel — 

Coal used . 

I 440 -I 


... 

... 1 







Lost. 


Su![)loiric acid— 


'I’oiifl. 

'Cons HO;]. 


''.'u'al ILSO, charged to jilant 


10122*4 

S J(i2*7 


Total n.>S(C rcc<vvcrcd 


'.)S 7.!'7 

Sotio-o 


Anuiiiut lost . 


2 ,)S .7 

202-7 


l'c;r tci«. lost, 2'45 per cent. 





S'l'orKs. 






r.r l■*'llt. 

ToIih 

Totuj 

• 


ll.^,S( 9. 

ll._-so,. 

HO;,. 

• • 





Stock denitrated acid on 1st I)cceml>cr . 

706.0 

66*4 

46S-K 

382-7 

Stock weak sulphuric acid .... 



., 7-0 

79-9 

Denitrated sulphuric acid received . • 

. i 5 '> 35-9 


10320*2 

H424*o 

Weak sulphuric aci<l rercivc<l, (Jiillo . 

3 I-X 

6r-63 

19*6 

l6*o 

H „ „ <asca<ies 

^03-4 

8.S.76 

299.3 

219-9 

T.)t;il ...» 

# 

... • 

- 1 ' 175-5 

9 « 22‘5 

Concentrated acid issued to mixing plant 

iii_ 72 -r 

9002 

, IOO57.7 

8210-2 

Sulphuric acid isstied to cascades . 

■n *-4 

66f|6 

2740 

223-8 

Stock of denitrated .sulphurir.acid on 29th 
^ Decernwr 

7 I 5-0 

f»6*o 

471-'J 

385-2 

Stock of wcalt sulphuric acid . . ^ 



•l 23 -I 

100*6 

I.ost in concentration / . . . • . 



248.7 

202*7 

Total .... 



11175.5 

9122.5 • 
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Physical D^a, etc 


Qasks. 

• 

ProsBure. 
Inch (wate^. 

Tetnj^nUtre. 

•c. 

• CO. 

• CO.J. 

Grama 
HgSOa per 
100Lltwsi. 

4 

• 





I.eavinj^^ producers 
Etitering furnaces 

0-8 

300 1 350 


i 


„ lower , 

0-3 • 

0 

0 

0 



r 

, Leaving' ,, 

-0-5 

205 „ «5 


• 


Iintcriii^' rccu|)eraleur. 

I-O 

200 „ 1^0 




Lcuviru; „ 

- 2-0 

J30 „ 150 




Rnteriii^ scrubU'r 

■ 2.5 

120 „ 140 



• 

Leaving „ 

4-0 

'JO „ 100 




Entering (‘ollrcll pre- 

O-I 

So „ <)0 




cipilaUir 

Leaving Codicil |>rc- 

-0-8 

75 M 77 




cipilatur « 



• 

• 








Artns. 

Per Onnt. 
i n-j.S()4. 

T«^ni|nTaLuri'. 

“0. 

Toim. 



Charged to lowers 

' bfcio 

24 to 2li 


• 


I-caving lowers . 

j yo-oi 

2-! M 23 

lO'jos-s 



« 

1 


% 


i 


Hi.atrTRU'Ai. Data. 

Aiiiiw. 

Volts. 

K,W. Honrs. 

(Uirrcnt supplied to Cottrell prcci[)italor. 

Power consumed. 

Voltage at precipitator .... 
Power consumeu by fan .... 

1041 

329 to 424 

f>5237 

10537 

3ySS-3 

• • 

* (lKN*UAI.. 

, « 



Tons concentrated i)er tower (UijSOj, 90-01 percent.) 

Total at^lily of exit gases (at precipitator) ^. 

Coal used jxir ttfl ftf concentrated afid (ffnSffj, 90-01 [ler cent.) 

„ „ IfgSO^ jiroduced. 

„ water eva|x>rated. 

Water evaporated [x;r tt)wer j>er 24 hifiirs. 

46-6 

0-132 

0-147 

0-353 

13-7 tons 

• 1 



• 


The following figures on the effitiencies of Gaillard towers 
are abstracted from the^ “ Second Report on Costs and 
Efficiencies for H.M. Factories," issued by the Department 
of Explosives Supply, Ministry of Munitions:— 
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* /amulry-ftote igiS. 

. % 

Factory. 

. • 

rPOlIUCtiDII. 

Tons 

« 

* Losh. 

Eincicm-y. 

Gretna .... 

312.SO-2 



Oldbury 

26847-0 

« *7'^ 


^ucen^ berry 

68j«j8-9 

2-0 

ijS-o . 

• Average 

^6926-1 

3-1 

96-9 . 


* The Operation of a Gaillard Tower. 

General Principles.—The Gaillard .sj’.stcm of concentration 
consists csscnflally Bf the .s|)raying of weak acid down an empty 
tower up which a current of hot gas is ascending. Under 
these conditions, contact between tlie acid and the hot gas 
is as intimate as po.ssible, and tlie eva|)oration of the liejuid 
takes place at a temperature considerably below the boiling- 
point of Ihc .sulphuric acid. 

Heating System.^The heat reiiuired for concentration is 
obtained by the combustion of gas from a producer plant. For 
small installTitions a coke-producer of the intermittent type, 
similar to that frequenti)’ emijloyed with the Kessler j)lant, 
is very common, but for regularity of output and strength 
of acid, cither a continuous ])roduccr or a twin furnace similar 
to that described on p. 171 is ]jri;ferable. For very large installa- 
tions, it is usual to erect S central gas-producing plant, which 
supplies a baltciy of towers with gas that is burned in .specially 
designed furnaces at the base of each tower. 

The two main factors whfcH govern the (Tutput and strength 
of the concentrated acid arc; (t) a regular supply ol^hcat <at 
a uniform temperature; (»)• a regular supply oof acid at a 
constant strength. The first factor Js much more difficult to 
control than the second, so that, given a coastant’fan draught, 
a .rwfu^rcgulation of the temperature of the furnace gases 
is th« first es.scntial to suejessful working. F'or tRis pu*rpose 
it is a great* advantage ^o indicate the temperature in the 
exit-flue from the furnace by meat^ of a recording pyrometer, 
and, with large installations, to hou.se the continuous recerdefS 
in a central position on*the plant, so that the^working conditions 
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on each unit can be olserved readiiy. With gas-fired furnaces, 
the temperature of the hot ga^s {entering the mai^ tower is 
controlled and regulated ‘by tne quantity of gas 'burned, so 
that adjustments (when neqessar^) oan Ge carried out promptly 
and iiccurately. 

With acoiAinuousor non-continuous producer, the regulatfon 
of the temperature is governed chi^-fly by the volume'of secondary 
air admitted. To secure the optimum re.sult.s in working*’the 
]Voducer, it is essential to restrict the supply of ad' passing 
through the combustion chamber, so that a large ]3roportion 
of carbon monoxide is formed, and is carried forward aiftl 
burned to carbon dioxide by the admission of an excess of 
•secondary air in the mixing chamber of the furnace immediately 
in front of the entrance to the main tower. The secondary 
air pa.s.sing through a series of (lues built in the walls of the. 
furnace is raised in temperature by the heat radiated from 
the wall.s, and, by this means, the lining of the combustion 
chamber is cooled. The reduction in temijerature tends to 
preserve the brickwork and to lengthen the life of the furnace. 
At regular intervals, as a guide to the^working of the plant, 
the percentage of carbon dioxide in the gases ehtering the 
main tower is tested by means of the Orsat apparatu-s. To 
.secure the be.st results, the volume of secondary air is adjusted 
to give a carbon dioxide content of 7 to 9 per cent, in the 
gases. A lower test indicates an excess of air, which tends 
to reduce the inlet temper:iturc, and so lower the capacity of 
the plant; while a higher test cifrresponds with high inlet 
temperatures, which tend to dissociate the sufphilric acid into 
sulphur trioxide and w.iter. From experience it has been 
found that the best conditions for*steady and economical work- 
are obtained when the inlet temperature is maintained at 
approxif!iatel)i jooo“. . , 

The life of the furnace depends on its treatment. Sudden 
fluctuations of temperature cipisc undue expansion and contrac¬ 
tion of the firebrick lining, and quickly bring about a r^oid 
dcterteratiwi and collap.se. When lighting up a plant, tTierefore, 
a small fire is maintained for severa'l days to dry ftie brickwork 
thoroughly before raising ^the temperature gradually to the 
normaj working level. Once this h;fc been reached, it should 
be maintained as closely as pop^ble. • 
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Main Tower.-t-Thc rn.-vii tower acts merely as a flue or 
hollow si aCt, through w 4 )icj| l^ie hot gases and acid spray pass 
in oppcsift; directions, ancr its lifejdcpends, therefore, on the 
acid-resisting qualities •f the material of which it is constructed. 
The principal material u.scd for tliis purpose is volvic stone, 
which resists both acid and heat with, rcnuirkaolc succes.s. lt> 
is found a 1 Volvic (l’uy-dc»Dome), in the centre of France, 
and j;an be obtained in large bloSks, which arc shapgd easily 
to any tcciuircd design. 

Within the last decade, towers have been built of other 
l^’pes of acid-resi.sting material which have given good .satisfac¬ 
tion. Typical e.'camplcs of the.se “artificial” acid-resi.sting 
.stones arc: (l) obsidianite ; (3) “Nori" ware. 

The first-v.amei^material is manufactured by Messrs Charles 
Davison, liwloe Barn, near Clfestcr (.see p. 115), in the form 
of curved blocks, and a de.scription of a tower of this type 
has been given above (p. 200).' The second-named material 
is manufactured by the Accrington Brick & Tile Co., Ltd., 
Accringty.n, in the form of 3-in. bricks, and a de.scription of a 
tower of this type ha.sjjeen given above (see p. 211). 

The hdl gases enter the main tower at 900 to 1000 , and 
are reduced* in temperature by contact with the acid .spray 
falling down the tower, so that they leave the tojrat a temperature 
of 200 to 220 C. This exit temperature is the chief guide 
to the working of the plant, and is indicated by means of a 
recording pyrometer, so that any variation in temperature can 
be observed promptly a<d its cau.se investig.ited. If the 
temperature Tis«s there are two c<nir.scs to adopt: (l) incrca.se 
the flow of acid down the t(rwer by bringing into use larger 
or additional atomisers; (2)»iucrea.se the ..volume of .secondary 
air to the furn.acc. W sudden ri.ses in temperature may 
be due to: (i) choking of tji^- :ilomi.ser.s or defective .sfrraying; 
(2) loss of air pressure ; (3) feed egg blown dry. 

Given a constant flow of hot gas’at a upifonii temperature 
iptqthc base <rf the tower, the conccntr:rtion of the acid falling 
dowt^ to the bottom of the tower is governed by ^he vfilume 
of acid and it% degree of fliiSness of atomi.sation. The quantity 
of acid fed into the tower is varied by altering the nuidbcr 
of atomisers in use, and the greater the degree of finei;ess of 
' See also/. SM.'Chem. Ind,{Trans.), 192^ pj). 257-265. 
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atomisation, the greatet' is the surfacfe exposes! to the evaporative 
action of the hot gases, and h<^nc^ the greater tbe^cgrec of 
concentration effected, B]/ varying the number afid size of 
the atomisers working on t{)e tower* tinf voIume<of acid passing 
down can -be adjusted at will. It is never altered by throttling 
• down the valvfc on the 'sijray pi|je, as it i.s impossible to know 
accurately what has been the amcfint of throttling tfius effected. 
The groatcr the pressure of'the air on the atomiser, the gr^-’ettop 
i.s the Volume of acid passed, aiAl the finer the cfbgree of 
atomisation. With a standard pressure of 90 lb. per .square inch 
on the acid eggs at the foot of the tower, there i.s a loss iff 
approximately 50 lb. caused by the lifting of the acid to the 
top of the tower, so that the ordinary spraying pressure is 
approximately 40 lb. per square inch. At this pressure a spray 
with an opening of 6 mm, diameter (a No. “60” spray) will 
pass I ton of acid per hour. The sprays are fitted into specially 
prepared openings, placed .symmetrically in the tower top. The 
number of the.se holes provided varies with the size of the 
plant, but from five to nine is the usual number. •. 

Ill plants where the tower i.s constricted of volvic .stone, 
the top i.s usually flat and built up,of volvic .shilj.s, jointed 
together; but in recent installations where tltti tower is 
erected entirely of acid-resisting brick, the top is built up in 
the form of a dome, and provided with a central opening for 
the gas outlet. It i.s advisable to maintain a slight suction 
on the dome, as a positive gas pressure at this point leads to 
a rapid deterioration of the dome, ^lue to the leakage of gas 
and sweating of the acid through the joint?. ‘Hence it is 
necessary to jirovide an off-take from the tower top, to con¬ 
duct them away tc. 4 hc recupcmtVir, of sufficient capacity to 
prevent any throttling of the gases. The off-take is formed 
cither of* lead,''()vcred earthenwaip pipes or of acid-resisting 
silicon iron pipes. It is a_ decided advantage also to slope it 
in such a way that any comJensed acid will drain away into 
the vertical section, instead of lying in the. joints oj^ cra^jes, 
and finally* making its way through them (Figs. 104 to 
107). ' • * 

Beouperator.—The gasiy from the top of the main tower 
entering the recuperator at a tempefature of 200 to 2io'’C., 
carry over a certain quantity .qf acid mist with them, which 
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is traplped in the recuper¬ 
ator, and amounts to 
approximately 7 to 8 per 
cent, of the output of the 
plant. Three types of je- 
cupcrators are in general 
u.se; (1) the original tower 
form, in which the* gases 
enter at the bottom and 
ri.se counter-current to the 
stream of atopiised acTd 

(2) the concurrent tower 
type, in which the acid 
and ga.s flow in the same 
direction down the tower; 

(3) the box type, in which 
the gases pass through a 
chequer work of acid- 
resisting bricks over which 
a .'arge volume of acid is 
.circulated. Ihc object of 
the three types is identical 
—viz., to cool the gases 
down, so that they can be 
passed safely to a coke 
.scrubber, and to trap acid 
mist. The flow of acid 
down the recuperator is 
regulated so that the 
gases leave the tower at 
a temperature above their 
saturation point for water 
vapour. 

With the original 
counter-current type.qf re¬ 
cuperator tower, F’gs. 108 
and 109, the temperature of 
the exit gases varies from 
110 to 120°, while the acid ■ 
leaves the base at a tempera- 
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ture of 150 to i6o°.* With the concurrent recuperator, the gases 
leave at a temperature of 131! tp 150;, according to the volum'e 
of acid sprXyed down the tjwer, whMc the ^cid overflows from 
the base at a tempcralAe ff about«i25°. Witli the box type 
of recuperator, the flow of acid is regulated so that the gases 
leave at about 140°. There is a slighf concentration eflected 
in the recuperator, due maini/ to ^he acid mist pulled over 
niecfttJiically from the main tower. The necessity for mains 
taining a*slight suction on ' 
the top of the main tower 
, hffb been pointed out above, 
but an excessive pull is also 
uneconomical for the fol¬ 
lowing reasons. Any acid 
fed into the main tower, 
but drawn over into the 
recuperator, is lost to the 
strong acid, and recovered 
only in the weak acid 
system, so that the wiifk of lifting it to the toj) of the tenver, 
and the wear and teaj involved, arc so much dead lo.s.s. 
Furthermore,*the mist is not drawn over at the strength of 
the feed acid entering, but at a strength appreciably higher, 
so that the heat u.scd in concentrating this acid is also lost, 
as the mist absorbs water vapour in the recuperator tower, 
and is diluted down again. Hence, the quantity of mist 
drawn over should be redufed to a minimum consistent with 
the maintenance* of satisfactory working conditions on the 
main tower. 

From actual experience ‘* it has been' found to be most 
economical to use the weakest acid to be concentrated on the 
recuperators. The weaker ;v;kl not^ only traps a*ore acid, and 
cools the gases better than the same volume of stronger acid, 
but it also brings down less watei» from the> gasek. For this 
rea'on all^he weak acid from the scrubbers and fan drips, 
etc, is,, put through the recuperator before being spfayed*into 
the tower. 

Scrubber.—The scrubbing of the.gas from the recuperator, 
laden with acid mist, serves two distinct purposes: (i») ttf 
' J. C. Burnham, H.M. Faotory, Gretna, p. 106. 



Fig. 109. 
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improve the efficienty of the p!ant by preventing loss into 
fhe atmosphere of the m^aximpmi ariount of weak acid, which 
can be returned •economically tl the concentrators for use 
again; (2) to render the, gas paising into the exit pipe to 
the atmosphere as innocuous as possible. The gas, leaving 
the recupera'tor at a' temperature just above its saturation 
point for water vapour, is coolpd still further in*the scrubber 
by (i) radiation of heat; (2) by the circulation of weakf*a£id 
over the coke packing; and (3)'by water-cooling Wie leaden 
top of the scrubber. Condensation takes place rapidly in the 
finely divided coke packing, and the weak acid thus fornfbd 
falls to the bottom of the scrubber, and is run away to storage 
tanks. The strength of the precipitated acid varies directly 
with the tchiperaturc at which condensation takes place., As 
the temperature falls, the strength of the acid decreases, but 
the quantity of weak acid increases. With an unlimited cool¬ 
ing capacity, the process can be continued until the whole of 
the water evaporated in the concentrators has been recovered 
in the form of weak acid, of ever-diminishing strength. In 
practice, the capacity of the scrubber fixed, .so that it yields 
an acid of not less than 50 to 60 oer cent. which is 

utilisablc again on the plant. In some works' the scrubber 
acid is cooled and circulated over the coke packing, to improve 
the efficiency of condensation, and at the same time to increase 
the percentage strength of the acid (sec p. 205). 

Fan.—The type of fan most frequently employed for 
drawing the hot gases through the plant is the high-pressure 
fan supplied by Mes.srs Kestner of London. 'Prior to 1915, 
the standard size was a 12-in. high-pressure fan, but, with 
the rapid development in the capacity of the Gaillard unit 
during the period 1915-1918, much larger fans came into use. 
The most generally adopted si?q is the i6-in, fan, running at 
1000 to 1800 r.p.m., and capable of dealing with approxi¬ 
mately 2000 cubr ft. per neinute. The actual volume of gas 
passing will depend upon the resistance of the various sectipns 
of fhe plunt. , 

For large diameter towers, concentrating Up to 100 tons 
per twenty-four hours of^93 per cent, sulphuric acid, a 21-in. 

■ higk-pressure fan, running at 1500 r.p.m., is employed, which 
is designed to handle 6cjqp cub. ft. of gas at 100°, with 
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a water-gauge of 7* to 8 in. at the fan.* The shaft carrying 
the impeller runs in broni:e ,'5e;ying.s^ lubricated with oil. The 
oil-bath is Jooled by inean.sjjof a snmll copper coil immersed 
in it, through svhich waters is circulated. The fans may be 
direct-coupled to an electric motor; in which case a variable 
speed control is required, or may |be belt-driven, and the 
speed regulated by adjusting^thc size of the driving pulley 
on the motor. 

Owing to the high spe^d at which the fans run, it is 
essential that the impeller should be carefully balanced before 
,u^, and replaced as soon as it shows signs of loss of balance. 
The most frc(iucnt cause of breakdown is due to the regulus 
metal becoming detached from the pho.sphor bronze blades, 
and hence it is adviSable to maintain as regular a temperature 
as possible in the fan casing, .so that the wear and tear is 
reduced to a minimum. I''or the same reason, the temperature 
of the gases passing through the fan should not exceed 
8o to 100°. 

A further conden.s.ation of acid mist is produced by the 
action of the fan blades, and the weak acid runs from the 
ba.se through a lute to a collecting tank. The g.as is delivered 
from the fan into an exhaust duct, which is carried up 
above the roof of the main tower building, and is di.schargcd 
into the atmosphere. A small quantity of weak acid is 
condcn.scd in the exhaust pipe and runs back to a collecting 
tank. 

Exit Gases.—The exit g^ses consist chiefly of steam, with a 
slight trace of acid mist, the acidity of which depends upon the 
efficiency of the scrubber, but should not exceed two grains 
SO3 per cubic foot. The acfd mist leaving the exit is very 
difficult to condcn.se, as it e vusts in a form which is not effected 
by mere cooling, and hen:» it ;s usually referred* to as 
‘‘vesicular’’ fume, i.e., it is a.ssumcd that each droplet of acid 
acts like a hollow ball and rebounds from any surface with 
wh*''h it rgmes in •contact. According to a more recent 
theory,) the explanation for^ the behaviour of tlw^e fumes 
is to be found in the repulsive action of the electrical charges 
on the droplets. When cxpo.sed to surface friction or to 
the action of the high-tension electric current, the droplets* 

' Technical Records, Ministry Of Munitions, No. 3, p. 52. 
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or spheroids are de-elftctrified by i^eason oflhe neutralisation of 
ttieir charges, and lose their indivifluaiity and coalesce together. 
The exit gases •are s»mpled ’continuously by'' means of 
an aspirator, and analysQfl regulWly' to cheak the lass of 
acid by escape from the plant. As a guide to the working 
of the plant,"'bellow!)''’^pot tests arc made every few hours 
by means of a h'lctchcr aspirptor. The gases are shaken 
with a weak solution of ‘hydrogen peroxide, and the acidity 
estimated as .SO^ by titration (kith standard caifstic soda 
solution. The presence of .SO.^ in the exit gases is estimated 
by means of the Reich test, and indicates that di.ssociatiSn, 
of II.iSOj into SO., and 11 .^ 0 , ami then into .SO.,, is taking 
place in the main tower, duo to excessive local heating. 


Control of the 'Working of a Oaillard Tower. 

As a guide to the working of the plant, the strength of 
the acid leaving the cooler is determined every half hour. 
As the acid frequently cont.tins impurities (suah as iron 
sulphate, lead .sulphate, etc.) which raise the specific gravity 
recorded b)' the hydrometer, it is offn adv;int;igcou.s to adopt 
the heat rise method. The method is based on the ri.se of 
temperature produced when sulphuric acid is diluted with 
water, and is dc.scribed by Howard.' 

The following is the method as adopted by Me.ssrs 
Kynoch, Ltd., since 1911-1912. 

Into .a porcckiin cup of 500 c.'c. capacity, 100 c.c. of cold 
water are measurctl and the temperature recorded. The 
sample of acid to be tested is cooled down to the temperature 
of the water, 12 c.c’arc run out from a .small burette into the 
water, and the mixture well stirred with a thermometer. The 
ri,sc of tcmpcv.aturc is recorded, aU'd from this figure the strength 
of acid is obtained by nieans of the appended table. (The 
figures var^ slightly with ‘the apparatus, which is calibrated 
before use.) 


/. Sue. Chem. Ind, j_9lo, pp. 3-4. , 
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Percentage o^H^SQ^ in Sulphuric*Acid and Oleum 
for a ('ir’c^ He$t Rise. 

* M 6 • 


(Viitlgnult' 


¥~..J • 

IluRt- V.iKf. 

I’nif.fiiUK'* 

^ llr-at UtHe. 

rerftttitaK^ 

U.jSOj. 

25-0 

• 9.V2 

3!-0 

9^.0 

1 39-5 

i02*5 

.2.1-5 

93-9 

31 -f • 

,99-5 

37-f 

102*7 

24*0 

94-1 

32-0 

99-9 

! 37-3 

103*0 

j6-s • 

94-9 

32% 

100-3 

1 3'3-o 

•I03'2 • 

27-0 

95-1 

33-0 

I00-(> 

1 .3S-5 

»03*5 

27-5 

95.f1 

33-5 

nx)-9 

i 39*0 

103*8 

0 280 


34-0 

101*2 

.39-5 

104*1 

2«-5 

9(.-5 

34-5 

.101-5 

i 400 

104-4 

29-0 

97-0 

35-0 

10!*7 

i 40-5 

104*7 

20-5 

97-5 

35-5 

102-0 

! 41-0 

105*0 

JO-O 

98.0 

31,.0 

102-2 

41-5 

105*3 

30-5 

- 9S.5 . 
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A slightly longer, but more accurate, method is described 
by Curtis and Miles.' In every ca.se the samples should be 
cooled to 25’ or lower. 

A. Test for Oleum (of not more than 25 per cent.).—200 c.c. 
of oleum (ticmperatun?/z" C.) arc poured quickly, with vigorous 
stirr'iig, into, 200 c.c. of sulphuric acid (92-5 to 94'5) at b" in a 
straight sided earthenware mug holding about a pint. The 
ri.se of temperature = C - 1 (u + b') where C is the maximum 
temperature of the mixture. The percentage of free SO., is 
found from Table 1. After mixing, the liquid .should not 
fume. The results are reliable within 0 5 per cent, free SO, 
or 01 per c»itt. ICSO,. 

B. Test for Sulphuric Acid (96 to 100 per cent.).—The pro¬ 
cedure is as alx)ve, but tilt; acid is poured into the oleum 
(20 to 25 per cent.). Ri-c = C — J (« -f h) as before. Table 2 
is used for this purpose. After mixing, the liquid should fume- 
The results arc reliable witfiili 0-3 per cctit. 

C. Test for Sulphuric Acid (88 to 96 per cent.).—lOO c.c. of 

the acid sample (temperature arc mixed with 300 c.c. of 
Oleum (28 to 25 per cent, temperature = a"). Kjse = - i 

(3 a If b). Table 3 is used here. After mixing, the liquid 
should fume. The error should be less than 0-5 per fent. 
HjSO,. • 


J. Soc. Chem. Ind.f Tramf 1920, p. 61. 
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HIbh. 

Pnr 

liiBU. 

I’ttT Cfillt. 


80;,. 


wJa. j 

, 

0-5 

21 

I2'I 1 

2 

M 

12 

12-8 .,1 

3 

1-6 

23 

13*4 I 

4 

2-2 

24 

I4-I i 

5 

2-7 

25 

«47 , 

ft 

3-3 

2<) 

n -4 i 

7 

3-« 

27 1 

l9-o 1 

8 

4-4 , 

28 

167 

9 

4-9 

29 

17*4 ! 

10 

5'5 

30 

18-0 

11 

6-1 

.31 

187 j 

12 

6.7 

32 

19-4 i 

13 

7*3 

33 

20-1 j 

H 

7-9 

34 

20-8 

J5 

8-5 

3.5 

21.5 

19 

9-1 

39 


17 

9*7 

37 

22-9 

18 

10-3 

.38 

23-<* 

19 

10-9 

39 

24-3 

20 

n-5 

40 

25-0 


TABr.E 2. 


' J Rittfl. 


r, 

4 

'o 

8 

10 

12 

J (> 

I8 

20 

22 

24 

2 (> 

28 

30 


l^ir ct*! 


99 - 

99 ' 

99 

i)H 

9 ^ 

yH. 

97 

97 ' 

97 

y6. 

yO- 

</. 

95 


Table 8. 


rr: 


f ! 


6 

7 

8 
9 

10 

n 

12 

13 

*4 

15 

16 

17 

IS 

19 

20 


IVr c»uit. 


98-8 

9 H 

98.1 

97-7 

97-4 

97*1 

90.7 

96-4 

96-1 

957 

95-5 

95-1 

94-9 

94-<> , 

94-3 

94-0 


26 

27 

28 

29 

30 
31 . 

32 

33 

34 

35 

37 
3 « 

39 

40 

41 

937 j 42 
93-4 1 43 


<) 3 'i 

92-9 


Per cent. 
HaS04. 


44 

45 


92-6 

92-3 

92*1 

9 I '8 

91*3 

91*0 

90-8 

90*6 

90*3 

90*1 

89.8 
8y-6 
S9.4 
89-1 

88.9 
88-7 
88-5 
88-2 
87-9 


The Mechanism of Conceiftration. . 

Very little data is available of tlie actual singes in the 
process of concentration, but a rough outline of the probable 
course of events may be obtained if the system is considered 

as one of static equilibrium •IjSO., x t/ H.ON _ i- 

V p 1 l„SO, X q H .,0 constant, 

so that, for any given temperatu.;, a definite equilibrium 
exists between the concentration of the liquid acid and its 
vapour.' 

The finer the degree of atomisation of the weak acid in 
the top of the tower, the more rapidly is it rai.sed in tempera¬ 
ture by tontact, with the ciirrent_,of hot gases a.scending the 
tower. The concentration Of the liquid acid in equilibrium 
with its vapour wijl vary' djrectly with the temperature, so 
that each drop of acid will increase regularly in strength as 
it falls towa.'-ds the bottom of the tower, and the cona:ntr^tion 
of the vapour given off in its fall‘will also increase propor- 
tionfilly. In actual practice, however, the process is not 
quite 50 simple, but is influenced by the relative speeds and 
’ Kaltenbach Chim. e.i Jnd.^ 1921, 0, 143-149. 
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temperatures of t^e gas and liquid in <he tower, and usually 

a small proportion of the acid is dissociated into sulphuric 
anhydride*and water vapclur.* ThS hot gases are cooled in 
supplying tho» neccssafy iJbaf of v-iporisation to the vapours 
evolved, and also by radiarion. In the recuperator tower they 
are still further cooled by the injcctii^i of weak shlphuric acid, so' 
that they reach gradually tjjcir point of saturation of water 
vaposir, after which concentration ccSscs and condensation occurs. 

lixp#riments carried ou^at one of the Government factories * 
have thrown further light of an unexpected nature on the 
ftiechani-sm of the process of concentration. Samples of acid 
collected i'rom a drip on the off-take from the main tower 
have been found to test much higher in strength than the 
feed acid injected ‘into the top of the tower, in spite of its 
close proximity. With a feed acid of 72 to 76 per cent. 
Hj.SOj on the main tower, the strength of the drip varies 
between 86 and 90 per cent. lUSO,, and sainples as high 
as 93 per cent, have been obtained under special conditions. 
The sugg'ostion put forward to explain these facts is that, 
when sulphuric acid gf about 75 per cent, is sprayed ink) an 
atmosphere at a tcmpci;aturc of approximately 215” to 220’, 
it is instantaneously concentrated to the neighbourhood of 
90 per cent., in .spite of the surrounding atmos])herc being 
charged heavily with water vapour. The concentration of the 
acid will be maintained so long as the temperature is high 
enough to overcome the affinity of the acid for the water, but 
the moment it falls, then ttic water is reabsorbed and weaker 
acid results. * ' 
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4-5 
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‘ Technical Records of Explosivfs Supply, No. 3, pp. 49-54. 




234 


CONCENTRATION BV HOT GASES 

* t . • , 

Experiments were jcarried out to deterjnine the quantity 
o6 acid mist drawn over from the main tower and trapped 
by the recuperator, .and alio by* thfc scrubber, and <he results 
obtained are given in the ta^le on'pKceding pagc» . 

At the same time the amount of water charged to the tower 
•and reabsorbeti in the recijperator and scrubber was estimatecl 
as follows:— * 
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24 hours ending— 


Tons. 

Tons. 


Tons. 


Tons. 

Tou.*!. 


29/6/17 - 2.15 I'.M. . 

KJO-O 

265-3 

14-0 

74-6 

7-9 

71-3 

50-6 

3-5 + 2-3 

n -5 

4/7/17-n.O „ . 

145-1 

njo-8 

IM 

74-6 

9-1 

71-3 
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2-8+2-7 
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9-5 
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iSo-i 

240-1 

14-9 
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7 I--I 

44-4 

• 

3-6 n -8 
- 5 -t 
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According to the above theory, the gases leaving the main 
tower eontain numberless “spheroids” of relatively strong acid, 
susirendcd in an atmosphere of superheated steam, diluted with 
the furnace gases and excess air. It is believed that each 
“spheroid” is approximately of thersame percentage composi¬ 
tion, as the figures show a distinct relationsltip *betwccn the 
.specific gravity, of the tower outlet drip and the temperature. 
The.se globules of acid ab.sorb water as the temperature falls 
with the pa.s,sage of the gases through the recuperator and 
scrubber,* until.,finally any jintrapijcd globules c.scape in the 
air, where a mist consisting of homogeneous spheroids, and 
not a mixtura of an odd fdvv...strongly acid among weaker acid 
spheroids, is obtained. 

In the .author's opinion the suggestion that feiTd aqid of 
about 75 per cent, is concentrated'iiostantaneous^ to approxi- 
. matcly 90 per cent, when sprayed into an atmosphere heavily 
charged with water vapour, is highly improbable, and the data 
given above can be explained satisfactorily on the basis of 
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the well-authenti^ted fact that sulphuric acid is dissociated 
into sulphuric anhydride and water at temperatures such •as 
are found*in the lower har of the^Gaillaijl tower (see Vapour 
Pressure Tables, pp. 2^-25^ ' ^ 

Re-combination will t(!^id to take place as the tem|)crature 
tails in the upper half of the tow^r, but a small percentage 
is carried‘forward by the current of gas right through the 
fe ?4 acid and water vapour. Thft is fully in accordance with 
the beltiiviour of sulphurik anhydride mists such as are met 
with in the purifying ])rocc.s,ses in the manufacture of oleum, 
•where it is notorious that acid particles can be swept forward 
not only ihrough drops of weaker acid, but even through water 
itself In the ca.se of the Kes.sler plant there is a ste.ady ri.se 
in .strength, as tho acid falls from plateau to pkiteau, showing 
that the concentration takes ‘place regularly in stages down 
the recuperator tower, and there is no reason to doubt that 
a similar regular concentration takes place as the acid falls 
towards the bottom of the Gaillard tower. 

Heat Ri^iiiri'incuts for Coiueutrntion. , 

The following sectiyn h.is been abstracted from Ti'iliniiiil 
Rocorih of f’.xploshcs Sifp/y, No. 3, pp. 14-20, of the Department 
of Scientific and Industrial Re.scarch. 

The fuel consumption on a Gaillard concentrating plant 
varies not only with the method of working, but also with 
the concentration range, loir most works’ practice the following 
limits will aj)pl}’• 

(1) Initi.'il feed acid. . 65 to 78 per cent. 11 ,SO, 

(2) I' iiial concentrated ai id . . <)2 to „ „ 

• ^ 

The thermal retjuin'ments arc expre.s.scd most conveniently 
as fuel consumption |)er ton of prochict. • 

The conditions existin^*in the main tower of the Gaillard 
plant will be standardi.scd as follows:— 

(1) Initial .stati} . . Feed acid at 15° 

(2) f'Blal state Concentrated acid at 220” ;^team »t 220° 

A typical example* of a Government factory ma^ be 
taken as:— , 

(a) Initial feed.65 per cent. Il.^SOf 

(b) Final product.. „ „ 
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Using the tables compiled by a! W. Porter (see p. 29), the 
heat required is the sum of two valfies: (i) heat of total 
evaporation at constant temperature; (2) sensible heat at 
constant concentration. Then from foner's tables (see p. 38) 
for I lb. of SOj; (1) the sensible heat of acid containing 
65 jjer cent, of IL^SO^ >(/.c., containing 52 per cent, of 
SO3) between 15° and 220° = 204 C.H.U.; (2) the heat of 
evaporation for acid concentrated from 65 per cent. t&. 92*' 
per cent. H.,SO, (/>., 53 jier cent, to 75 per cent. SO„) at 
220° = 352 C.H.U. 

.'. Total heat required = 556 C.H.U. 

.-. For too lb. of 92 per cent. Hj.S04 (75 SO^) = '75 x 556 

= 41,700 C.H.U., or I ton = = 934.100 C.H.U. 

/Uii Requirements (using l>i)rtcr’s table.'--).—The variation 
of the heat reriuircmcnts with the strength of the feed acid 
between the limits 65 to 78 per cent. H.,.S04 are given 
below:— 


iiiitiAi 

Ht>at (11 
for 

llnat ill tMI.Lf. 

liiitinl 

lli-at in 
( iilorii-H for 

n-.-tt ill C.H.U. 


n Solution 


Stn-iiKtli 



(if Aci'l. 



of Afi<I. 

('i)iiUiiiiiiK 



1 Kraut of SO;,. 



1 KT'Ain *'f S( i[. 

I12804. 

65 

556-0 

934,100 

V. 

420-2 

7o6,ocx) 

6f) 

53 ('-o 

900,500 

73 

402-0 

1 - 75,400 

67 

5 J 3-4 

8 ( 1 . 1 , 5 <X) ' 

74 

385-0 

646,800 

68 

494-0 

829,900 

75 

368-0 

618,200 

69 

474-0 

797,000 ' 

76 

^52-0 

591.300 

70 

45 -'l -5 

770,300 

77 

337-0 

566,200 

7. 

43 '.^o 

737,500 

78 

321-0 

539.300 


The effect of variation of the final concentration strength 
(between the limits 92 to 96 per eent.), with a con.stant initial 
feed acid (O5 per-cent.), is given in following table:— 


Final 

OoiKWiitnition 

Stningth. 

Initial 

Heat ill C.II.U.^ 
fur 1 toil 
(if Pnxlui't. 

I'-iual 

Cuiioontratioa 

•Struiigtli. 

Iiiithl 

Concentration. 

llftttlii C.H.U. 
for 1 tun 
of Product. 

Piir cettt. 

IVr i-.i'iit. 


I'i'r (wnt. 

IVr font. 


92 

65 

934.100 

95 ' 

65 

1,032,900 1 

93 

65 

968,200-' 

96 

65 

I ,(d 66,400 

94 ' 

65 

1,000,000 1 

... 


... 
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One ton of cba^ delivers to the Gailla^ furnaces the equivalent 
of 140,000 cub. ft. of fffoducer gas at N.T.P. at a temperature 
of 300° C.» This gas has the ^erajf*; composition :— 


- 


i’tT emit. 

CO, 

\ • 

6*0 

CO 


.- - 24 iO 

H.,. 

. • 

. 8-8 

cii. 

* . 

. 2-4 

N, . 

i 

. 58-8 

100*0 

rand a calorific value 

of 130 H.Th.U. = 

72 3 C.H.U. 


Heat Supplied. 

Heat of combustion ofcproducer gas . i40,ooox72'3 — ao,i 11,100 C.H.U. 
Sensible heat enterinij'furn.icc . •. 140,000x0-074 

XO-24X 2-85.^ 708,600 C.H.U. 

Total heat.10,819,700 C.H.U. 

(1 cub. ft. of gas weighs 0 074 lb., and has a .specific heat 
of 0-24.) * Under normal working conditions, say, to 9 per cent, 
of CO., in ^hc burnt ^s, the volume of air is given by : * 

*V()I. air 2.76 

Vol. gas I 

Then weight of air . 140,000 x 2-76x0 08 - 30,912 11 ). 

Weight of gas .... 140,000x0-074 = 10,360 „ 

Total weight ol burnt gases leaving main 


tower at^2o’ C.~ 41,272 lb. 

Heat Expended. 

Sensible heat in flue gas leawiijg at 220° C., <11,272 

X0-24X205.2,030,600 C.H.U. 

Net heat supplied to tower . . 8,789,100 C.H.U. 

• • . • - 


The coal consumption per i ton of 65 to Q'a per cent acid 
may now be determined. One ton of 92 per cent, acid requires 
934,100 ■SsH.U. (kee above), to which an additional 20 pgr cent 
is added tfi,cover: (n) Ipi^es by radiation, and (J) losses due 
to dissociation of HjSOj into SO,, SO,, etc. 


934,100 ^ j ,20,900 C.H.U. 
100. 
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But working to a g pe^ cei!t. CO^ content in the burnt gases, 
the available heat per ten of coal for concentration in the main 
tower is 8)^89,100 C.H.U. Hence J(bc coin^entration of i ton of 
65 to 92 per eent. r(;qifircs; ^ 


1,120,900 
8,789,100 


0.128 t«n of coal. 


'fhe value for other .strengths iff acid can be obtained from 
Fig. IK? ' 

The influence of air dilution on the coal consumption with 
cl constant feed and product, and assuming the liissociation 
of sulphurm acid to be constant, is shown in Fig. ill. 


CCh. ill Burnt 

• • 

V<i 1 h. Air. 
VoU. Uas« 

Cyal 

CoiwuinpUon. ' 

COy 111 Burnt 

BasoA. 

Vols. Air. 
Yola. (Jaa. 

Cual 

Cunatiuiiitlon. 

I7-I 

I-Of) 

o-n 6 

8-0 

3-24 

0-132 

9-0 

• 

2-70 

0-128 

5*0 

5.64 

0-157 


^ 0 • 

The coal consumptiot^of 0116 is th.at obtainable theoretically 
by adding ^ust that quantity of air necc.s.sary for complete 
combustion of the producer gas. It is not contended from this 
that as high a COj content as possible should be aimed at. It 
has been stated already that the most suitable furnace tempera¬ 
ture to work to is in the neighbourhood of lOOO", The com¬ 
parisons noted above shoWed the distinct economic advantage 
of working to a COj figure of 9 to 10 per cent, as again.st a 
low CO2 figure, .say, 5 per cent., representing a temperature 
in the neighbourhood of bocT'. • 


QIIiOHRIST OoitOBNTRATION PLANT. 

A patent has been taken out*by the ChemicJl Construction 
Co., and^P. Gilchrist' (U.S. P. 1195075 of 1916; B. P. 
1059^3 of 1^17), for an improved concentrator whiifli con.sists of 
a combination of the Kessler saturex with a packed Gaillard 
tower as recuperator. A detailed* description of the plant, as 

' /. 500 Oum . Jnd ., 1916, p. 1015 ; iUd ., 1917, p. 647. 
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erected at H.M. Factor^, Qtfcen’s Ferry, il given in Technical 
Records of ExplosrSs Stiff ly, No. 3, pjj.*54-63, from which thj 
following iti^ormation is taken. , 

The gencr^ arraiigotnent of the plant i.s*.shown in Figs. II2 
and 1*13. . * 

• Each tower is fed throng' a scric-s^o^ lutes in^thc lead cover 
from an ov(Jrhcad lead-lined feed luifl;, 10 ft. by 15 ft- by 4 ft- 
6 jm, jnto which the acid is railed tli»ough a lift of 73.I ft., either 
by Kestn^r elevators or by n%'an.s of [lumps. The acid is concen¬ 
trated as it flows through the packing of the tower, and delivers 
into a pan or .saturex, where further concentration is effected, 
mnally beiag delivered through coolers to the main .storage 
tanks as concentrated acid. The gases are led from the main 
tower througjj a qnprtz-packcd .scrubber to a 23-in. Kestner 
fan, and thence to the stack, or, in the final arrangement of 
the plant, to the Cottrell precipitator. Two inde|)endent units 
were installed, each capable of concentrating 70 .short tons 
of 93-5 per cent, sulphuric acid from 65 6 per cent, acid, or 
35 short tons of 97 per cent, sulphuric acid from 65-5 per 
cent, acid, using in both cases 162,000,000 B.T.U. ^ [ler 
twenty-four* hours, or approximately 1,000,000 cub. ft. of 
producer gas, • 

The furnace consists of firebrick structure, sheathed in 
steel. The gas is led from the main producer flues to the 
entrance of the furnace, by two gas-flues, 2 ft. by 3 ft., and 
is burned with the admi.ssion of [irimary air in a combustion 
chamber, 8 ft. ll in. by y ft. 5 in. by 5 ft. 3 in., which is 

surmounted by a false arch, over which secondary air is 

admitted. The products of combustion enter an u|)-ca.st 8 ft. 
by 4 ft. 6 in. by il ft., filled, with chequer brickwork, and arc 
delivered to the saturex by a cross connecting flue, 4 ft. 6 in. 
by 5 ft. • 

Saturex.—The saturex fti 1 isi.st.‘» of a 20-lb. fcad pan, 37 ft. 
7j in. long by 9 ft. wide by 18 in. doep, lined with three layers 
of 2-in. acid-proof tiles .set in .silicate ccihent, and covered 
^ith a firebrick arch fitted with four transverse baffles, tjjhich 
defleef the h#t furnace ^sfs on to the surface of the acid. 

The whole structure is built on concrete foundation, 9» ft. 

above the floor level, in prder to give a gravity flow to the 
coolers and tanks. Tjje sludging hole and acid run off are 

* ' Q 
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fixed so that a layir of acid ^ in* dedp remains always in the 
Jjottom of the saturcSc.. To facilitate corR:entration, the acid 
is agitated by means of,y series of compressed a^r-jets. The 
concentrated acid, at a temperature of 250°, .flows frojn the 
run-off pipe into a brick’-lined yonduit leading to a cooler 
which is capjiblc of tofjling lod tons per twenty-four hcflirs 
from this temperature d6wn to 35°. “ 

Main Tower.—The in«idc f.imcnsions of the main^ftwsr 
arc 11 ft. .square and 47 ft. 3 in. Itfgh, and the tower lis erected 
on a base of acid-proof tiles inside the same lead pan as the 
saturcx. The tower is built up of acid-proof bricks set ^ 
special acid-re.sisting cement, with walls 18 in. thick and lined 
with a 4J-in. inner wall of acid-re.si.sting tiles for the first 14 ft. 
The packing rests on seven arches, sprung ftom the sides 
of the tower, and is arranged as follows : (a) 14 ft. of chequer 
brickwork 3-in. sp.accs ; iji) 7 ft. 10 in. of chequer brickwork 
2-in. spaces; (r) 10 ft. of 4-in. quartz ; id) 4 ft. 3 in. of 3-in. 
pottery rings. 

Scrubber.—From the tower the ga.scs pass-through a 
36-ip. lead off-take into a .scrubber, ^31 ft. 0 in. high, built 
inside a 15-lb. lead pan, with 18-in. walls of acid-resisting 
brick. For the first 13 ft. 3 in. there is an inner lining wall, 
4}, in. thick, which is reduced to a i}-in. lining tile for the 
remainder of the height of the scrublx:r. The internal cro.ss 
.section is 15 ft. in. by 12 ft. lol in. at the base, increasing 
to 15 ft. lo.t in. by 13 ft. 7J in. above the top of the inner 
wall. The packing rests on chcqqcr brickwork, and consists 
of the necessary layers of lO-in. and 6-in. qiiurtz, to carry 
the main filling of 2-in. quartz, the total packing weighing 
about 300 ton.s. Both the lead off-take from the main tower 
and the scrubber are sprayed with weak acid, to cool and 
scrub the ga.scs. 

Fans.—The draught through the plant is produced by 
means of a 21-in. Kestner high-pressure fan similar to that 
described on p. 228. Up to the time when the plant was shut 
down, the fumes were pa.ssed from the fan to the stack, but 
the final arrangement included fu ther scrubbing in a Cottrell 
precipitation plant (sec p. 269). 

Results.—The figures given in 4 able on p. 244 show the 
conditions obtaining for an average day’s working. 
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’ * 

r 


Peed :i< id in in;vin lower 

78.<)4 

70.30.' 

2 i°C. 

(Ainrentrated arid prtKiuced . • . 

93-80 

258° „ 

Weak arid rim into .scrubl^icr 

}i-75 

?7-30 

4«.49 

3fi° „ 

Weak acid ex-scriyiltcr . « .« 

57-20 

79” 

Tem|)eraturc al main tower nff-takc . 



117" „ 

„ „ fan .... 



loo’ „ 

„ „ Iwse of stack . • . 



” ■ 

.. . . 



... 


General Oonolusions.— The excessive wear and tear on the 
base of the tower and satnrex has been the most serious trouble 
experienced. The temperature of the acid in tnc saturex 
cau.ses the lining tiles to expand and lift, thus forming a 
channel way ‘through which the hot acid ifttacks the lead base. 
As soon as this is eaten through, the concrete base is attacked, 
and whenever a leakage of this kind occurs, it necc-ssitates 
taking up the whole of the tiling and renewing the whole or 
part of the leadwork. Careful control of the temperatures of 
the furnace and the acid in the saturex decreases the trouble, 
but does not entirely overcome it. A ifurthcr difficulty is due 
to the settling of the sludge in the feed acid in the .salurex, which 
reqhhes to be cleaned out about once a month, by which 
time the whole of the saturex is full of sludge. Even when no 
repairs are required, this necessitates the thorough cooling down 
and draining of the plant before the saturex is washed out 

Some particulars are taken from the “ Report on the 
Stati.stical Work of the Factories Brunch,” issued by the Depart¬ 
ment of Explosives Supply of the Ministry of Munitions (see 
pp. 245 and 24^). 

According to Bulletin No. .1R4 of the Bureau of Mines, 
U.S.A., p. 137, the plant consists of a combustion chamber, 
a concentrating flue, concentrating^ tower, filter and scrubbing 
tower, all of which arc con.slructcd of acid-proof masonry, well 
braced with ctcel lj'aming,‘a*id supported on concrete or brick 
foundations at a suitable height above the ground level. On^ 
top l)f the. concrete foundations masonry-lined lead pays are 
used, on which are built the masoifr/walls. The*concentrating 
tower is packed with chcqiy;red brick, quartz, or other suitable 
pjickipg, and the filter toyer is packed with 3-in. special rings. 
Fuel oil, natural gas, or fyoducer gas is used to generate the 
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H.M. Factory, Queen’s Per,^y. 

Monthly Report. Month ending 6 A.M., Jgih December 1917. 

GlI.cfhRIS J' I’l.AN'^ RHCOKD. 


Sulphuric Aci(i^ Concentliutfrs (/V.C^. 


Unl-i Working, i-$. 




• 
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Stock concentrated acid .... 
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Stock weak sulphuric acid . . . • 

61--r 
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2712-0 

■>8.09 

2118-7 
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• 

•• 

• 
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1729-6 
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39-4 
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• 
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V’f^sical Data, etc. • 


Qabrb. 

t K 

* rrttssuro. 
Incli. (wat<!r^. 
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Temp«ratun! 

" 0 . t 

/CO. 
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U 2 B 04 per 
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I-O • 
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Entering furnaces 

0-8 

370-1 

24.9 
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l.eaving tower . 

... • 
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158 - 1 * 
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Entering fan 

2-0 
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Entering precipitator . 

0-f) 

(jfj-O 
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r«ir emit. 

llySOj. 

Tt'DiiK'raturr- 

"C. 

Tons. 

• 



Charged to towers 

72-93 

" 45-2 




Leaving trays 

92-08 

if)4-3 

101^3 



t) scruhlrers 


26-2 



„ precipitator . 

48-6 

50-4 




„ coolers . 

92-08 

17-3 





^ lii.ricTiiuiAi. Data. 

Amps. 1 

Volts. • 

K.W. Uours. 

f Power con.sumed by Cottrell fan . 


0! 

440 

6018 


G RNtCKAL. 


Tons conccnlralcd |)er tower (HaSO^, 92-08 j)er cent,) 
Coal used per ton of HySO^ |)ro<Iuccd. . 

„ „ water evaporated 

Water evaporated i>er unit jrcr 24 hours 
Grams Il^SO^ per 100 lines in exit gases ■ . 


84-4 

0-128 ton 

0-556 .> 

30*1 tons 
0-557 


hot gases for cvtiporation. These g?scs pass from the combustion 
chamber through the concentrating flue and then up through 
the conccntrilting t'-jwer, where they come in contact with the 
wcalj descending acid, which is thus preheated and partly 
concentrated. From the top of this tower the gases are .drawn 
at a temperature of about 220° Ft, And are led {lirough a lead 
or stoneware flue to the tpp of the filter and scrubbing towers. 
An exhaust fan placed atchc base of the scrubbing tower draws 
the gases through this fhwer and discharges them into the 
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atmosphere. Iiv flowing through the concentrating flue ^the 
gases pass over a pool of acid, which il agitated violently by 
forcing compressed air through it, from perforations in a pipe 
running subuicrged in the acid and lengthwise in the flue. 
Thus a large area of acid is exposed to the direct action of 
the hot combustion gases, .in passing up through the concen¬ 
trating tower, the gases come into contact with a counter-current 
of weak acid. The tower i.*- jiaclctd to allow a large contact 
surface for the gas and thS acid, and the first portion of the 
concentration takes place in this tower. The flow of weak 
,acid to the concentrator from an overhead tank is regulatcrl 
to suit the conditions and results desired. The acid flows from 
the distributing pan to air-scaled lutes, which arc equally 
distributed over the-tower top and distribute the acid uniformly 
over the upper surface of the packing. In the filter and 
scrubbing towers, the acid mist carried over by waste ga.scs 
from the concentrating tower is to a large extent recovered, 
though not entirely so. The loss may be 2 to 4 per cent, 
of the tot'd acid. The hot concentrated acid from the concen¬ 
trating flue is drawn oC into lead coolers. All iron salts deposit 
in the flue and in no way interfere with the efficiency of the 
conccntralioK, the iron salts being removed through .sjt.ible 
openings without shutting down the concentrator. The chcmico 
concentrator requires about 13 to 14 galls, of crude oil to 
concentrate i ton of 93 per cent. H„SOj from '62 per cent. H2SO4. 
As the ga.scs are discharged at 200' F. or less, and the 
radiation lo.ss is relative^ small, the heat is fairly well 
utilised. The.se concentrators have been built in sizes having 
capacities of 15 to 125 tons 95 per cent. HjSO, ()cr twenty-four 
hours. 

According to S. A. ionidcs,* two 30-ton Gilchrist towers 
were installed at the Uriti.sh Acetones plagt in Toronto, 
Canada, in which the coolers for ihc strong acid were placed 
below the main operating floor, ^'lie method of taking Ilaume 
readings each hour by flipping samples from the di.scharge 
pipe of thV cooler, and taking hydrometer readings from the 
dippers, had disadvantages^ in that acid was splashed on the 
operator’s clothes, and breakage of hydrometers was high.* A 
simple continuous sampling device consisting cssentiall;^ of a 

' CAtm. Met. Eng., 1919, 20 , 38-51; Abstracts, 1919, 13 , 994. 
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4 ^ 4 4 t* * * * *. 

miniature air-lift with J-in. lead pipe, was ‘installed, which 
overcame these difficuftioB. For a detaiIed*description of the 
apparatus, the origijal artk^e should be consulted.f 

Packed Towers. 

t . ' * 

According to Nielsen,' Gaillard towers pafcked with 
“Propeller” filling material, (B. j'. 26269 of 1913) work with 
good regularity owing to the rcgi.perating propertjj. of the 
filling. This effect is more noticeable with an intermittent coke 
producer than with a continuous producer. 

Klink" (U.S. P. 1276377, 20th Augu.st 1918) gau.ses the^*' 
weak acid to be concentrated to flow down a tower packed 
with inert material, through the interstices^of which a counter- 
current of hot air is maintaii^ed. The concentrated acid is 
collected at the bottom, and the waste ga'ses leaving the top 
of the tower pass through a condenser. The weak acid from 
the condenser is heated in a .series of evaporating pains, and 
is discharged into the top of the tower. 

Kdroy" (U.S. P. 1211594 of 1917) (le.scribe.s a .series of 
towers packed with refractory material, and provkled with a 
leac^_pan at the bottom. The aci<> is sprayed ^into the top 
of the tower, and meets the hot ga.scs from a furnace. 

Chcin. Fabr. Gric.sheim Elektron' (Gcr. P. 305122, 29th 
September 1917) dc.scribes a tower for absorbing or concentrating 
acid-gases, in which the gas enters at the lower, and passes 
out at the upper end, and is washed by a counter-current of 
liquid. The tower is constructed with double walls, the annular 
intermediate space being filled with packing, such as gravel, 
quartzite, etc., slipportcd by a numher of rings sloping towards 
the inner wall. In the annular chamber, w'hich protects the 
outer walls of the tower and prevents loss of heat, the gases 
escaping from ‘the inner chambef 'are scrubbed again by the 
liquid. 

The Swedi.sh Nitro SynJlicatc, Stockholm" (B. P. 10591 
of 1908; Fr. P. 402078), claim the continuous production of ' 

‘ Chem. Eng., 6, 346. , , 

‘ J. Soc. citem. Ink. (Ahtr.), 1918, p. 654. 

" J. Soc. Chem. t',nii., 1917, p. 214. 

* J. Soc. Chent Ind. {Abstr\ 1920, p. 393. 

" J. Soc. Chen\lnct., 1909, pp. 88, 1197. 
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concentrated acids in & vertical column of acid-proof malarial 
filled with pieces ol" similar material, heAed both on the outside 
and insidCiby a current of hot gases.* ^ 

Armstrohg' dc.scnl es a combined tower and pan .system 
for concentrating sulphuric acid. 'I*he acid is first passed down 
a tower packed with quartii, where <t is concentrated to 62 to 
63° Be. (150 to i53°Tw.), and then through ca.st-iron pans set 
in a* furnace, one above ano her. ‘By the time it gets to the 
last pill., which is .set doectly on the fire, it has attained a 
concentration of 93 to 98 per cent. Il.^SO,. The (]uartz packing 
, disintegrates rapidly, and it is necc.s.sary to introduce fresh 
quartz th.ough the top of the tower. Oil fuel is used for 
heating, and the brick-lined tower is packed with about 4 ft. 
of quartz above the iirchc.s. The acid is fed in by means of 
a siphon and boot,arrangemerft, so that there is about half a 
cubic foot spriiycd over the packing once every fifty .seconds. 
The temperature of the gas entering is about 650 to 670° C, 
and 138 to 143" C. leaving the tower. A strong suction must 
be maintained, by means of a steam jet or fan, to jirevont 
condensation of the uapours and distillates inside the t-ower. 

With regard to lo.ss of acid—it is estimated tlvifj/ii^.’.bder 
normal conditions when the tower is being fed wiili 6c^*^ lb. 
of 171 sp. gr. acid per twenty-four hour.s, the lo.ss woi'J;! be 
2000 to 4000 lb. of 171 sp. gr. acid, whilst about 39,000 lb. 
of 1-84 sp. gr. .acid would be obtained, and the balance— 
9208 lb. of 171 sp. gr.—would be recovered in the .scrubber 
as acid of i 47 sp. gr. » 

Kalbperry Tower. 

According to Bulletin 184 of the Bureau of Mines, U.S.A., 
the original Kalbperry tower was first erected and put into 
operation about 1906, and* has been in continuous .service 
ever since. The towers are now built in various sizes and 
capacities by the Kalbperry Coqaoration of New York City. 
The standtard tow’er is 5 ft. .square by 39 ft. high over all, with 
an actual co.”centration height of about 25 ft. The standard 
tower has a capacity of i ton of acid per hour (141 to 167’ Tw.). 
A typical arrangement is .shown in Fig. 114. Liquid or ga.seous 

/ • • 

' / Ind. Eng. Chem., 1^17, pp. 386-8; f. Soc. Chem. Ind., 1917, p. 501. 
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fuel'■is burned in t6e furnace (i), the gasesi of combustion 
passing through the rfuas (la and 2e) infc and up through 


‘ the tower (2), and^ to the ^scrubber (3). The ajid to be 
concentrated is delivered to the suppljv tank (2(r)I^and thence 
fed into the top of the tower by the automatic feeding 



Fig. 114. 


•* < 

apparatiKs ( 25 , 2c), whence It flow^ down over the pticking 
in the tower .against the ri^ng hot gases, the concentratea" 
acid (lowing from the tower through the exit (5) and the 
cooletw (6 jnd 7) into tank (g). The acid fumcjfclrivcn off 
in the tower and air pass through the scrubbcrti (3), thence 
, throogh the suction fan (ii), and thence through the 
auxiliary scrubber (4), before*being exhausted to the atmosphere 
at 4r. * 
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A so-calied “i5-foot ” tower has a capacify for producing, When 
concentrating sulphuric, acid from i4J°*rw. to 167° Tw., aboi^t 
I ton of 167° Tw. acid per hour. .The fuel consumption will 
be about ic)-5 to 12 palls, of ig'iooo B.'f.U. fuel oil per ton 
of 167° Tw. acid, concentrating frotn i4i°Tw. to 167° Tw. In 
addition to the concentratciJ acid produced, about 10 per cent, 
of the sulphuric acid charged is recovered as weak or .scrubber 
acid of a strength of about 76” T^v. to 93° Tw., and there is 
a loss to the atmosphere about 2 per cent. One man can 
easily handle a battery of four towers. Towers may bo built 
of as large a capacity as is commercially desirable—they have 
been built with a minimum capacity of le.ss than 2 tons per 
day—and concentration may be matlc from chamber strength 
up to 96-5 or 97 pcr.ccnt., the limit of concentration attainable 
for sulphuric acid. , • 

Petersen' (Gcr. P. 302534, 23rd Fcbru.ary 1917) utili.ses 
the waste gases evolved in the concentration of sulphuric acid 
as follows. 

The waste gases are cooled by using them to effect a 
preliminary concentration of cold sulphuric acid, and aru then 
passed intd the lead chambers in place of the water or steam 
commonly employed. 

' J. Soc. Chem. Ind. {Ais/r.}, 1920, p. 688. 



CHAPTER V 

VARIOUS MliTIlODS OK r-'JNCENTRATION 

Oouoentration of Sulphuric Acid in Vacuum-Retorts 

A VKRY interesting concentrating method, including the use of 
field tubes, formed part of an ingenious, but over-complicated 
system of the.manufacture of sulphuric aeid invented by De 
Hemptinne, of Brussels, and described at length, with diagrams, 
in our first edition, pp. 507-512, to which description we 
simply refer, as De llemptinne’s process has never been carried 
out in full, and is decidedly impracticable. Another ingenious 
process of his, described and illustrated in our first edition, 
pp. 5*3-516, .seeks to carry out an idci previously proposed 
by several other inventor.s, Kuhlmann (in 1844:}, viz., con¬ 
cent.,.*^Mig sulphuric acid in a partial vaemun, and !hus reducing 
the temperature to such a point that the whole operation can be 
carried on in lead. As this process, which was actually at work 
for some time, has not proved successful, we also refer for it to 
our first edition. A further modification of his plan has been 
described by De Memptinne.* 

Of more modern forms of leaden vacuum-apparatus we 
shall mention that of KrelD (Ger. I's. 118880, 166557, 176994; 
B. P. 363604; Austr.iP. 21305). .The acid flows through a lead 
pipe, <!, Fig. 115, heated by an oil-bath, A Pipe a is stiffened 
inside agai.ist atmospheric pressure by diaphragms, c c, leaving 
passages for the acid in such a manner that the acid'must 
proceed in a zigzag course, ai)fl provided with communications' 
in their upper part for the vapours. At the bottom of pipe a 
lies a perfo.fatcd pipe, I, through which hot gasts may be 
introduced for the purpose of hastening the concentration. 
The unperforated diaphragms,//„ stiffen the pipe and divide 

, .1 ‘ Bull. Miis/e fnilustrfe Jielg., jaaaaTy 1S82. 

* Z. angrw. OiV'w., 1501, 14 , 424. 
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the steam spaci; into three compartmenfe, connected through 
h ity with a cominon yacuum-pipe, i, *In this way the coolei;s 
k wtjl condense acids cj" various strengths. Tlie acid 
entering ai‘*chamber-i«;id .ol ioO°Tw. leaves as acid of 159° 



Fig. 115, •• 


or 164" Tw. (that is, we must iKitice, only 86 to 90 per cent. 
HjSOi!) and descends through a pipe, m, which must be at least 
17 ft. long, Ihto a collector, «. By surrounding in vaith a jSeket, 
e. che heat of the outflowiifg*acid can be utilised for heating up 
the chjmber-acid. Oil-bath b is heated indirectly by means of 
coil q, heated by a fire, p, and connected at both ends, r, .5, with 
the oil-bath in such a manner that r. constant circulation takes 
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plaA;. (According t 5 private information, Krfll employs lead 
alloyed with a little co^p^r, as recoqimandecP by Lunge (Vof. I., 
v p. 226) for higher temperatures and strengths.) 



Fig. 116. 

Cast-iron retorts are also used foconcentrate^sulphuric acid 
in a-vacuum, starting from such strengths at which the cast iron 
is not yet acted upon. IJi^. 116 shaws the shape of cast-iron 
vacuum-retorts used in Gernjapy for sulphuric acid, with great 
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success, and furpishing.very high-strengtR acid. Such a Atort 
weighs about t(#ns. , , , • , 

I. Mey^ (Ger. P. 71580) co<nbin»s a lead vessel with an iron 
vessel; th^kittcr, whijjh rccfcive.s* the acid in an already con¬ 
centrated state, communicates witli the air-pump. The pan¬ 
bottom is slightly inclined tp one side. The dilute acid comes' 
in contact only with lead, the .s'^rong acid with iron or platinum. 
The concentrating-apparatuses be.'* connected with a di.stilling- 
apparatws working at the .sifee vacuum, and continually receiving 
the concentrated acid through a siphon. 

, Brown and Georgeot (Fr. P. 241815) state a theory as to 
the concentration in vacuo in which there is nothing new. 

The Kommanditgc.sellsch.aft L. Kaufinann & Co,‘ (Ger. P. 
•34773) concentrate .iulphuric acid in a cast-iron vacuum-.still 
by means of a .steam-jacket or ga.seous fuel, driving it over the 
heating-surface in layers of only 10 to 15 mm. depth by means 
of stirrers almo.st touching the metal, with such a velocity tliat 
the concentrated acid, by its centrifugal force, can issue con¬ 
tinuously ’ll spite of the vacuum. By the above treatment the 
steam-bubbles arc mot* easily detached from the .solid suifaces. 

Cast-ircAi vacuum-retorts arc most suitable for treating the 
dirty acid (»icid-tar, .sliidge-acid) formed in the .^^es.tlcal 
treatment of mineral oils {cf. p. 289 et scq). This acid, when 
Ixplcd for some time, chars most of the organic substances 
dis.solved by it, and is .at the .same time concentrated. But in 
this process much of it, .sometimes nearly 20 per cent., is reduced 
to SO^ {cj. p. 290), which c.'juses not merely loss, but also great 
nuisance, unless the SO^ can be reconverted into .SO^ [cf. 
Vol. IV.) or othcrwi.se utilised. This difficuljy is overcome 
by the employment of vnepum-retorts. . The considerable 
lowering of the boiling point thus produced c.au.ses the action 
of the acid on the organic substan;c to be mu^i le.ss .and of a 
different kind. There is only aboilt 3 per cent, lost as SO.,, and 
the organic substance is converted mostly jnto a.carbon<accous 
substance which can be removed by filtration through .sand. 
The acid flftis made is equal to i68°Tw.; it is d^jk coloured, 
but quite fit to be used ofes again for the refining of mineral 
oils. 

Kynoch & Co. and Cocking (I?! P. 28891 of 1896) egiplpy 
’ Z, angew. CAem.,jgo2, 16 , 1098. 
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cast»iron retorts woilring with a vacuupi for tpe concentration 
pf waste acid from nifroglycerine. ^ , * 

Girod and The Graflich von JLandsberg Chemische Fabrik * 
(Fr. P. 432783; K. f. 17158 ^jf i^ii) fi^st concentt^tc the acid 
at 150“ to 160' to about T47°Tw., and then introduce it in a 
• finely divided state into.a'tower 04 other appropriate appar<atMs 
in which a partial vacuum is maintained (preferably a'oout 20 cm. 
Hg), and in which the temparatury is regulated by the admisSion 
of heated air. » 

J. Patten” (U.S. P.s. 1286080, 1286188 of 26th August 1918) 
passes the acid to be concentrated through a scries of several^ 
chambers, in which it is heated by steam cpils, while 
maintained under a v.icuum to distil off the water at a low 
temperature. , The method of construction of tjie lead-work 
is described in detail. . 

The Norsk Hydro Klektrisk Kvaelstofaktieselskab® (Fr. P. 
4'4995, llth July 1914; Ger. P. appl. N15431) employs a 
scries of vacuum apjiaratus on the tubular .system. In the 
first apparatus the acid is brought up to 60 to 6 g^per cent., 
in the second to 75 per cent., in the thiri,' to 79 per cent. SO3. 

The Padi.sche Anilin- und Soda Fabrik ' (Geft P. 302553 
ofsfc.'’tii January 1917) concentrate .sulphuric acid, in a vacuum. 
A heating chamber is provided, with pipes of perforated sheet 
iron, coated internally with lead, which is connected homo¬ 
geneously to the iron at the perforation.s. The c.\terior of 
the pipes may also be covered with lead. These pipes resist 
the chemical action of boiling liqijid, and also the difference 
of pressure. The chamber is also lined with lead, and a 
continuous process is practicable. 

Concentration of Sulphuric Acid in a Tube System. 

C. K*cll i(Jl. P. 1872/ of^l894) has constructed an 
apparatus consisting of a cast-iron pipe, heated in a bath of 
molten lead,‘the ends being water-cooled, so that the solid 
lead forms a tight joint against the molten portion. Figs. 

Ii7-'n9 show this system with all details. One such pipe 

. ♦' « 

.. ' y. Sac. C/icm, Ind. {Ats/r.}, 1912, 81 , 127 and 335. 

* y. Sac. Ckem. ItuI (Ads/r.), IC)I9, p. 718A. 

’ y. Sac. Cktm. ISid., 1915, p. l'i42. 

' y. Sac. Ckem. Ind. (,A/is/r.), I92t,"p. 388. 
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yields from 300 lo 503 ton/ strong sulphuric acid, accortyng 
to the strength ot t^ie feed acid, with on# man per shift. The 
cleining can be performed‘mostly jvithout any stoppage of* 
work; once\i two or three weeks a thoreugh clciining must 
be effected, which involves *a .stop;^igc of half a shift. This 



plan works out well for concentrating Glover acid or waste 
acids from nitroglycerine, ct<i ” •• * 

M. Liebig' speaks very well of it. Stolzcnwald - gives 
additional details, and states that* the coal* consuinption is ij 
tons per twenty-ft;nr hours for producing 5 tons 97 to 98 per 

cent. HjSOj. Hartmann and Benker® admit the success of the 

' • 

' /f. angem. Chem., 1900, p. 184. 

* Ibid., i9'o, p. 1977.V ^ 

’ Z. angew. Cfum., 1906, p. 565. 
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KreSI apparatus, will! the remark that .it is tifore suitable for 
•regenerating waste a<Sdj from pi;rif}}ing processes than ’ for 
producing commercial acids. Krell's Ger. P. 166557 describes 
arrangements for cleaning *his 'pipes. His Gen P. 17,6944 
(y. P. 4063 of 1906; P'r. .1’. 363604) describes a combination of 
inside pipes nijide of chined whilf; cast iron, in short pieces, 
surrounded by a jacket of ordimfry cast iron. 

Strzoda' (B. 1’. 26732 Uf i<)'3; Ger. P. 272158) employs 
for pipes serving for the concentration of acid, in /.he place 
of porcelain, etc., ordinary cast-iron pipes, coated inside with 
a fcrrosilicon alloy (.see p. 118) which is absolutely af'"'.proof 
the unavoidable intermediate space between that coating and 
the cast iron is filled with an acid-proof cement, made of 
baryta, asbestos, Kic.sclguhr, and .sodium siliaite solution. 
The inventor explains his process,* apd points out that 
thereby pure limpid sulphuric acid of 97 to 98 per cent. 
Ik^SO^ can be obtained without any wear and tear of the 
apparatus. 

The Krcll-Strzoda tube .system is de.scribcd in th» Z. angew. 
Chein., 1918, 31, 185-187;/. Soc. Chtim. hid. {Abstr), 1918, 
p. 688 a. The concentrating tubes and certain'other parts 
ar^'rw^dc' of an acid-re.si.sting iro?i, cnclo.sed in a .shell of 
cast iron, the intermediate space being filled with an acid- 
proof cement, which seals any cracks which may appear, in 
the brittle acid-resisting iron during u.sc. The concentrating 
tubes are arranged on the slightly inclined bed of a furnace. 
They are connected with each o^her and with the distillate 
receiver in such a manner that the acid passes from the first 
tube to the .second, and so on, through the series, to the acid 
cooler and receiver. The distillate is taken from the top 
of a crescent-shaped bend in the connection between each 
two tube's, to, a cooler and receiver. Advantages claimed 
are: (i) working conditions easy to control; (2) comparatively 
short time sequirqfl for tlje construction of the plant, and 
for the subsequent repairs, renewals, cleaning; (3) colourless 
clesfi' pure,acid. 

In a small Krell-Strzoda plan'- of up to 'six tubes, the 
production is somewhat less than 0-9 tons of 97 to 98 per 

/»/., 1914, p. 643. 

* Z. ongtw. CAem., 1914,1, 455. 
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cent per tube per twenty-four hours, ancf 0 9 to 10 per ’cube 
with more than six tubes.# The coi.l *consumption is 4 cwt 
per ton of 97 to 98 per cein. Ihstead of condensing the 
distillate from the Krdl-Strzoda’ plant in water-cooled lead 
pipes, H. Petersen passes the hot /apour up a small tower, 
in which it is dissolved by a dc.sccnding stream of 50 
per cent, chamber acid yic ding acid of 85 to 90 per cent., 
which is pa.ssed again thrpi gli tl’e concentrating apparatus. 
The process is now in operation in several works. It is 
e.s.sential that the tubes be kept clean and free from slime and 
• crustano.., as, otherwise, they are burned and .soon require 
renewal. 

By means of the Krcll-Strzoda plans u.sed in conjunction 
with a Pctci.scn preconcentration tcjwcr, a strength of 97 to 98 
per cent, may be reached froni an initial 50 per cent. acid. 
Working to 93 to 98 per cent, concentration with an output 
of to tons per twenty-four hours, a reduction of 1-34 tons wf 
weak acid treated is effected, as compared with other processes. 
Loss in this process i.s negligible—about I per cent, of very weak 
acid (l°B.; ,sp. gr, 1007) i.s obtained; whereas other plants 
.show about 10 per cent, containing an appreciable amount of 
sulphuric acid; which has to he recovered by rccoiicitk-ation. 
The increa.sed fuel consumption on the Strzoda plant—l-8 tons 
pc. 10 tons 94 per cent, acid, as against i-2 to 1-5 tons 
in other plants—i.s counter-balanced by the higher yield of 
concentrated acid and smaller amount of weak .acid obtained. 
By the employment of ,a* ferrosilicon alloy, the wear and 
tear of the plant is reduced to a minimum.* 

Brandenburg (Gcr. P, 2.(3544) employs <ui cv.aixir.ating 
vessel with one or more inclined side-tubes, placed in a furnace. 
These side-tubes are pn vided with siphon-tubes inside the 
evaporating vcs.scl, which (jrpduco a vivid cir«idati*)n of the 
liquid. If they arc heated, the liquid inside the vc.ssel is heated 
gradually as well, and is brought to boiling. The mud settles 
at the bottom, without interfering with the boiling operation. 
The apparatus may be made of quartz, glass, or the ike, as ?ach 
part of it can expand without any .strain being put on the other 
parts. , 

* Mattenklodt, Chem. /eit., 1920, 44 , 529'; / Soc. Chem. Ittd. (Ats/n), 
1920, p. 569. 
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Fisher, Hall, and* Moore (B. P. 273J6 of 1898) let the acid 
fun through a long cai;t-^ron pipe,_, hejted #ou'tside, to produce 
continuous concentration. « , 

Kestner‘ (Ger. Ps. 121359, i'77^304; B, P. 125G2 of 1906; 
21548 of 1912) conccntia1.cs the acid by heating it in a 
perpendicular iron tube, in which it is rai.scd to a higher level 
by the gas bubbles. He also concentrates the a'cid in per¬ 
pendicular pipes, heated oi.itsid^', without introducing air or. 
gases into the liquid, by forcing ifnis into the pipc^. under a 



prc.ssure not sufficient for driving it up to the upper part, and 
compelling it to ri.sc in thin laytrs along the inside w,alls of 
the pipes through the formation of vapours. 

H,arri.s '’ (B, P. 7728 of 36th March 1912) concentrates acid in 
horizontal pipes, passing at cliffereht heights through a heating 
flue, and its-walls hi .such'? way that they can be removed 
singly and replaced without interfering with the others. The 
pipds are cKsed at the ends, but arc provided with an ooening 
near one end, surrouiKled by a lip.- 'The openings are disposed 
alternately for each pair of adjacent pipes, and at the other end 

'y. Sof. Chem. Ind., 1913, 32 , 409. 

'■‘y. Soc. Chem. Ind., 1913, p. 363. 
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a bent tube is fixed in such a way th'at, before the pipes are 
completely full, the liquitl flows into the next lower one, or, in 
the case of the lowest pipe, iyto‘a,n exit channel. Xhe pipes are 
.supported by the walls of q flue; the evenings and tubes being 
outside the flue, and thi middle portions extending across it. 

A suitable channel eniloscs the protruding ends of the pipes 
for the receipt of the vapours cscfyiing from the openings. JThe 
flue, channel floors, and side w.-rilj. arc made of acid-resisting ' 
material, and provided with suitable drainage floefrs. The 
bottom of the flue floor is composed of porous bricks, which are 
situated over an acid gutter, so that any waste acltf** 7 fray be“o 
removed continuously. 

Harris and Thomas (R P. 23414 of 1914) concentrate acid in 
a rectifying plant consi.sting of a series of siliAi-ware tubes 
arranged in four tiers in a heaUng flue. According to the Sird 
Inspector's Report for 1916, the “Thomas Harris” 
I'ectifying plant for making high-strength acid has undergone 
modification in detail, but is not yet a regular producer in quantity. 

Hart* de.scribcs an evaporator for acid liquids, c(Tnsi.sting of 
clo.sed glass tubes 4 ft. long by 3 in. diameter^ which are 
arranged horizontally side by sid^()n iron supports, covered 
with *dilstos; two or more scries of these tubes are placed 
in .steps one higher than the other, and each tube is provided 
with three l-in. openings, for the introduction of the liquid 
and the escape of steam. The upper series of tubes di.scharge 
into the lower, and the latter into a collecting channel for 
the concentrated liquid. The whole .system is heated by the 
gases from a furnace; the liquid being warmed in the first 
set of tubes, and then boiled and evaporated in the second set. 

Conpentration of Sulphuric Acid by Hileotricity. 

Bucherer - makes the following calculation : The production 
of 100 kg. apid of^ 168° Tw. from 117 kg. acid of 142° Tw. 
requires 32,679 large calories, corresponding to— 

£.2679 X 4.2 X lo' j electrical h.p. hours; 

736 X 3600 *' 

calculating the electrical h.,o. hour = Jd., the above is equal to 

> /./nrf. .£■»,?•. CAm., 1918,10,555 \J.Soc.Chem.Ind.{AbstrI), 1918, p. 495. 

® Chem. Zeit., 1893, p. 1597 ; J. Sdc. Chem. lAd., 1894, 18 , 249. 
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£l per ton (o^ the large scale). Further estimates of the 
amperage and vtltago^ the platinuml surface, etc., must be 
passed over here as being entirely* hypothetical. 

Haussermann and ,\iethamn 1 fer' have"'made actual experi¬ 
ments on this point. As might l?c^ expected, only alternating 
currents can be employed, since othervise an electrolysis takes' 
place. The concentration ii^ very ea.sy, but requires 1490 watt- 
hours per kg. This seem.' to t'.xchidc every possibility of 
practical application. 

Peuchen end Clarke- (B. P. 24739 of 1893) propo.se both 
puil.") .' j and concentrating .sulphuric (and acetic) acid by the 
electric current, eventually proceeding up to distillation. They 
propo.se electrodes mechanically revolving round a hollow shaft 
within the boiling acid. A fresh patent of thcii%(Ger. P. 83526) 
describes .stationarj; electrodes for the same purpo.se. 

Wackcr'' (B. 3183 of 1895) propo.scs concentiaiting 

sulphuric acid by electricity, with introduction of SO.^. i 

John.son (U.S. P. 825957) concentrates sulphuric acid con¬ 
taining SO.j by an electrolytical treatment which oxidises the 
SO.,; more of this is con.stantly introduced. 

Pagliani ‘ de.scribcs experiments in which sulphuric acid 
is concentratial in vesscl.s' containing platinum elcct';o(^e.s. *0n 
the average forty-three kilowatt-hours were rc(ii:ircd to obtain 
100 kilos of acid 1-832 sp. gr. from acid of 1-563 gr. 

Taking 7500 calories as the mean calorific power of anthracite 
coal, the thermal efficiency—that is, the ratio of the heat 
theoretically necessary for,thc concentration of the acid to that 
actually consumed, is 0-25 for lead pans, 0-34 for platinum 
stills, 0-49 for Kessler plants, as compared wkh 0-93 for con¬ 
centration by electrical bcStgig. The yi^ld by the electrical 
method may be incrcas- d by using closed apparatus of quartz, 
cast iron, or volvic lava, gr ()rcferably, cnayicllefi ca.st iron, 
provided with a .scrubber, as in a Kc.sslcr apparatus. In one 
series of experiments a yield of 40 kilos <'f acid of 1-832 sp. gr. 
per hour \vas obtained. With regard to the relative costs of 
the processes with coke at 60 lire (45.S.) per ton, elr^trical tliergy 
• 

' Ciem. Zeii, 1893, p. 1907 ; J. Soc. Chem. Ind., 1894, 18 , 391. 

* y? Soc. Chem. Ind, 1894,18, 251. ’ /. Soc. Chem. Ind., 1895, 14 , 484. 

‘ Ann. Chim., appl. 1918, 10, 134-137*; J. Soc. Chem. Ind. 

•919. P- ' 71 . • • • 
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woulS be 1-4 centesimi per kilowatt, 4 nd the relative costs 
"^with electrical energy Jndi with anrtiratite ■il'ould be the ratio 
'■of 9 to 5. * ^ ‘ . 

Matignon * states that 4 uring the r, owing to the very 
, high price of ccjal, and thei low price of electricity from water¬ 
power, acid waji concentrated froi.i iio^Tw. to 1^8° Tw. by 
electrical heating, Ferrosilicon almys were used for the bath 
as well as for the electrodes. i , 


Electrical Concentrator. ^ 

According to Hullctin 184 of the Bureau of Mines, p. 140, 
an electrical concentrator has been in.stalled by the Chemical 



Con.struction Co. at Mount Holly, N!t., and has been operated 
intermittently for several months with good results. During 
1918 a i-tou capacity unit was installed at a chemical plant 
at St-Albans, \V. Va. This concentrator is designed for small 
capacities where electrical cur'-ent is available and comparatively 
cheap. It consists of a small bath space built of acid-proof 
masonry in which are placed, two electrodes of acid-proof iron 
spaced about 2 or 3 ft. apart, the electrodes being adjustable. 
The -hath r-f^ acid is also so arranged that the le.’cl may be 
lowered or rai.scd. There is a dan. of acid-p;oof masonry 
between the electrodes. The weak acir' is fed in at one end 
of the furnace near the ^electrode rnd flows over the dam 

. 4 

‘ //lii, 1919, p. 13*1. 



CONCENTRATION W ELECTRICAL METHODS 267 

• • . 

to an outlet at*the otner end. The electric current beftveen 
the electrodes pasijes through the tWiI layer of acid flowing 
over the dam and heats this fliin layer to^ the point where the 
water is evaporated at a rapid rate., 

Chcmi.schc Fabrik W'ci.s.sen.stein-G j.s,, VVeis.senslein.Carinlhia' 
(B. 1 *. 16^685. C<)nvention|date 21st Ma}' 1020), de.scribe a 
plgnt for distilling .sulirhiir^ acid (Fig. 123), The .stills arc 
heated internally by elect yeheaters above tlic surface of the 
liquid. A stoneware still connected by a pipe (1) to a 
supply tank (/■) arranged to maintain a constant level, is fitted 
witn^^tk,tric resistances (j;') of platinum, or of metals such as 
iron or niekelin, which are not acid-proof, but become protected 
by a layer of oxide or sulphate, heated by a pa.s.sage of con¬ 
tinuous or iilternatin'g current.s. Reflectors of (jSartz, etc., may 
be placed above th(|heaters. 

' C/ifm. Tiade J.^ 28 , 7, 21. 
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Till; CONDENSATION OF SU'.IVIUKIC ACID VAPOURS 

CONDENSATION BY BLBOTRIOAL MEANS — 

One of the most important and promising developments in 
recent years is the application of electricity to the condensation 
of the vapours evolved in the concentration of sulphuric acid; 
the fundamental principles on which the incthod is based are 
givev briefly below. ' 

'"’j According to modern theories of electricity, an electric 
current is a stream of electrons carrying positive and negative 
charges, and a body through which the electrons p-iss freely 
is teimcd a conductor. A gas may become a conductor of 
electricity under the influence of various agents, such’ as radium, 
ultra violet rays of certain wave Singth, X-ray,s, etc., and is 
said then to be ionised. When in this state, if it is subjected 
to the influence of an electric discharge, the negative ar^d 
positive ions begin to travel towards the electrode of opposite 
polarity, where they deliver up their charge of electricity. By 
raising the potential of the electrodes to a sufficiently high 
degree, they may serve also as ionising agents. In this case, 
if the ga.scou.s ions encounter any solid or liquid particles in 
their passage through the electrostatic field, they impart a 
charge of electricity to the particles, which are then driven 
towards the-electrode of oppo.site sign, where they are deposited. 
The discharge of*cIectricity, and th^'iefore the rate of ionisation, 
is facilitated from sharp points or edges, so that the “discharge 
electrodes ’’ are made usually of this form, while the “ receiving 
electrodes ’’ are formed of curved or flat surfaces. Tire discharge 
of electricity from points gives r'se to what « termed an 
“ electric wind ’’ blowing from the electrode, due to the repulsion 
between the electricity concentrated 'on the points and that 
which they impart to the surrqupding air, by conduction. The 
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air adjacent to the point of discharge •receives a charge of 
electricity and *s «repeyed, instantly^ aiid its place taken by 
uncharged air. It is the rapid convection currents whicli are* 
set up in fliis way th.-^t cyfy tit charge* of electricity to any 
particles, solid or liquid, with wlfidi they come in contact, 
causing them to travel towards the receiving elcctnxle. 

In praftice, two types of apparatus are^used: (u) I’ipc 
•treaters, in which the gase^ kre passed through metallic tubes 
at a velecity not cxceediiTg’12 ft. per .second, biach of the 
tubes forms the receiving electrode, and the discharge electrode 
il d with a thin wire stretched along the central axis 

of each tube, through which a unidirectional potential is applied 
(Fig. 124). The particles are precipitated on the walls of the 
tube, whence they ere drained, if liquid, whil.sj:, if .solid, the 
current is shut off periodically ajid the dust shaken down from 
the tubes into bii^. {/>) Plate treaters, in which the^ses 
are passed between rows of jjarallel vertical plates, scrv 
qs receiving electrodes, and upon which the particles are 
depositedf riie ionisation or di.scharge takes place at sharp- 
edged electrodes hanging midway between the plates. - 
The precipitation of fumes and su.spcnded particles by means 
of the “electee wind" from a pointed wire is a lyell-kmJWn 
experiment, which dates back to the beginning of tie last 
century '; but no advance was made until Sir Oliver Lodge re¬ 
investigated the subject in 1882-1884' i*i series of experiments 
to dissipate the Livcr))ool fogs by means of a high-tension 
electric discharge. In i88?, experiments were carried out on 
the precipitation of lead fumes at the Dec Bank Works,'-' but 
failed owing to the inadequacy of the electrical plant available. 

A series of patents were taktn out in iS84-i886*in Lngland and 
other countries, coverii.. . the* methods employed, which* have- 
been developed in recent years by the Lodge Fume Co 

. • • 

The Cottrell Precipitator. 

The modern development of electrical precipitation is due 
mSinly to ‘Dr l'. G. Cottrell in America. In, 1906, trhile 
Professor rf Physical Chemistry in the University of California, 
he investigated the removal of sulphuric acid mist frolh the ■ 
* Hohlfeld, Arci. f. d. ges?Naturlehre, K. W. Keslner, Leipzig, jgzg, a, 
*oo**o 7 - • “ Lodge, y.,.S«r. Ckem. Ind., 1886, #, 572. 
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* , * 

gases of a Manaheihi .contact progress, aiyl repeated the early 
experiments of'L^dge. His first funckmental experiment is 
described by Cottrell in a paper op " Jlie KIcctrical Prccipitatioif 
of Suspended Particles.” ‘ | • 

While working on^ evtning in the dark on the iniluence 
of.a brush discharge on the fumes from sulphuric acid, a purple, 
glow was noticed on the p.cce of cotton-covefed magnet wire 
which carried the current to the,discharge clectrodc.s. This 
was due,to the fact that cvtfjl loose fibre, owing to its finene.ss 
and sharpness, acted as an excellent discharge point for the 
.potential current. Use was made, therefore, of iron 
electrodes, covered with hairy asbestos, in the first jiractical 
scale installation on the contact plant at the Hercules Works 
of the Du Pont d^ Nemours Co., in C;ilifornia. Although 
carried out only on a small scale (alternating current of 
Oooo volts), the rc.'^lts were encouraging and led to tlu^rst 
successful commercial application at the refining plain''of IKih* 
Selby Smelting and Lead Co., California. At this works 
silver is separated from the gold which it contains by di.s.solving 
in boiling concentratc^i sulphuric acid. The fumes from the 
boiling acki camsed great inconvenience and nuisance in 
the neighbourhood, as ‘Jiey choked the tunnel of 4 hc 
Southern Pacific Railroad when the wind was Rlowing 
in a certain direction. The plant for precipitating the.se 
fumes consisted of a lead-lined box, containing lead-covered 
iron rods, fitted with asbestos, as discharge electrodes sus¬ 
pended between lead jilatcs acting as the receiving electrode.s. 

A unidirectional current tif 17,000 volts was employed, and 
the sulphuric acid fumes were precipitated succe.ssfully in the 
form of weak sulphuric acjil of approximately 50 per cent, 
strength. • , 

The principle of electrostatic, precipitation wig extended 
rapidly to embrace the recg*cry cjf dust and fimTes from metal¬ 
lurgical and smelting works, and met with striking success 
throughout the United States, as R solved *a problem which had 
bafiled th« jpgemrity of chemists and engineers for many i^ars. 
Larg^ sums ^f money tad been expended in ‘attempts to 
prevent the d«st and fumes from destroying the vegetation and . 
crops In the immediate vicinity of Jhe works, which involved 
' J. Itt^. Eng. Chem., 1911, p. 542. 
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the (jayment of heav}/ dama'ges and costly litigation processes. 
Not only did the Cot^cll precipitator remove these troubles, 
in most cases the \alue of the dust recovered was more 
than sufficient to pay for thef cost of installation of the plant. 
Equally satisfactory results \vere obtained from the application 
• of the precipitator to tlje waste gases of rotary cement kilivs; 
and the potash fli the dust recovered has proved an unexpected 
but very valuable by-product Upwards of 150 Cottrell treaters 
have been installed in America ^lad elsewhere, which handle 
the gases from a great variety of processes, including the 
cleaning of blast furnace gases, all types of mctalluijjj^i,^** 
and fumes, dust from mechanical pyrites burners, in sugar 
factories, and also in factories handling dried food-stuffs, such 
as powdered egg and milk. A comprehensive aegount of the 
development and application, of the Cottrell precipitator, 
tO(>...l:^r with a bibliography of the literature on the subject, 
* 1 fs'given by Dr H. J. Hush in two papers,' which should be 
consulted for further information. 

The Cottrell process of electrical precipitation m covered 
by the following patents: U.S. I’s. 86^843, '866844 of ^ 9 ^ 7 1 
895729, 945917 of 1908; 1016476, 1035422 of 1905; 1060065, 
1007974 of 1913. * , 

The patents are administered in America by the Western 
Precipitation ('o. (1907), and also by the Research Corporation 
of New York formed in 1912, when Dr Cottrell became 
Director of the U.S. Bureau of Mines. 

The International Precipitation Co. of Los Angeles, 
California, controls the patents’ rights outside America, and 
the sole representatives for the United Kingdom and some of 
the Dominions are Messrs Huntingdon, Heberlein & Co., Ltd., 
of Wdesleigh House, Caxton Street, London, S.W. i, to 
whom the "author is indebted for drawings and information. 

Recently a new compatiy ('Lodge-Cottrell, Ltd., of 51 
Great Charles Street, Birm^pgham) has been formed in the 
United Kingdom to work the combined patents of Sir Oliver 
Lod^e and ..Dr P'. G. Cottrell. ' 

' /. Soc. Chem. Ind. {Review), p. 389* J. See. Chem. Ind. {Trans.), 
1922, p. 21. 
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Ot}ier*AleotrioaI Frtolpltajors. 

Heimrod and* ^describe a tubular type ot pre¬ 

cipitator for the condensation yf sutpnuric acid mist, in use 
in a ^Wiscoitsin plant. In oiic these precipitators, 3000 
cub. ft. of gas per minute at 57” C. i.s'treated from three tower 
concentrators (yielding 50 tons of (93-18 per cent! 

HjSOJ per*twenty-four hours), and 3000 lb. of*acid of 18° ft. 

I (to I)er cent. H^SOJ is rcci^itfcd i*r twenty-four hours from 
the mist.« A potential of ?«!|xDo volts is employed, with a 
power consumption of 3J kilowatts. Another unit, similarly 
,e^Wp«8<id (jJ^'ctrically of twelve pipes, each of 12 in. by 15 ft., 
“treats 2500, cub. ft. of gas per minute at 93" C. from two 
tower concentrators (producing 40 tons of 93-18 per cent, 
acid per tw^ty-four»hour.s), and 3500 lb, of ajid of 33° B. 
(39 per cent. lIjSOd is rccovi;rcd. One of the largest 
installations treats s^fioo cub. ft, of gas at 82" C. per nup^ 
from twenty-two cascade concentrators, each producing 10 tonT 
of .93 per cent, acid per twenty-four hours. Four units, each 
of twelve pipes, 12 in. by 15 ft. arc employed, and 25 tons 
of 45° B. (55 per cent. 41 oSO,|) acid is recovered per twenty- 
four hours. • 

The high potential part,s*of precipitators for collcc.ting aclU 
mist must be provided with insulators having a large safety 
factor as regards voltage rating, and must be protected from 
acid fume.s. Fans are used mostly to create the necessary 
draught, but steam jets are used in some cases, though they 
are not so satisfactory. 

Thum * reviews the praefleal details w'hich require attention 
in equipping a Cottrell electrical precipitator, and the condi¬ 
tions which require investigwtion and adjiistmcnt to obtain 
efficient operation. In '.eating fumes containing sulphuric 
acid, the insulators are attacked rapidly and puiwturcd by 
the thin film of acid deposit*!® on 4 hem, and tlitn rcpkaccment 
is an important item in the maintenance charges. ^ 

Bush* gives an account of the development of the Cottrell 
system of effeetrostatic precipitation in England, and^its appfca- 

' CAm. and l 9 et. Eng., 191^ p» 309 ; /. Soc. Chem. Ind. [Abstr.), 1918, 
p. 729. 

^Chtm. and Met. Eng., I9l9^p. 59 ; /. Sot. Chem. Ind. {Abstr.), p. 163. 

’ J. Soc. Chem. Ind. (Review), 1918, p. 389. * ' 
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tiop to the recoveryfof sulphuric acid fupiesat.H.M. Government 
factories. Detailed information of the p^ant erected at "H.M. 

\ Factory, Queen’s Feriy', lis given in Technical Records, No. 3, 
of the Ministry of/Munitions, p. 63 et seq. ■ 

• 

„ The Working of the Cottrell Precipitator. ^ 

The fir.st Gottrell plant was erected, in igr;, at H.M. 
Factory, Queen’s Ferry, f'r the. jjmrposc of treating the furtv: 
from two batteries of eight GsilMrd towers, concentrating the 
waste sulphuric acid from the manufacture of explosives. The 
fumes, after passing through ordinary coke sc^bbeia^^e 
collected in a common lead main, and led to a precipitator 
divided into four compartments, each of which is designed 
to treat 16,900 cub. ft. per minute, the total yolume being 
estimated at 48,000. Thus, one compartment is always kept 
if 'reserve ready for immediate use, in Wse one of the three 
(las to be isolated from the rest for inspection or repairs. 
The gases arc aspirated through the plant by means of a 
Davidson injector, which induces the nccc.ssary ^Iraught in 
the brick-built outlet stack. The injector is fitted with a 
45-in. inlet Sirocco fan driven by an 80 h.p. motor, at a speed 
cli' 580 to 630 r.p.m., and is capable of dealing with 50,00c 
cub. ft. of air per minute. The average power consump¬ 
tion is 1920 kilowatts per twenty-four hour.s. The four 
treater chambers arc built on a reinforced concrete foundation, 
in acid-proof brickwork, with removable lead-lined covers 
resting in lutes on the side walls. Each treater is 30 ft 
I in. long, 7 ft. 6 in. wide, an'd 8 ft. 0 in. high (internal 
dimensions), and the whole of the base is covered with a lead 
tray, 3 in. deep, slcjping slightly towards the discharge opening 
at one end. 

The electrodes arc of-the platc-and-bar type. The lead 
plates forming the receiving clccirodcs (2 ft. wide by 8 ft. 5 in 
long, made of 8-lb. lead) are hung from lead-covered M.S. bars 
about 10 in. apart. There arc eight rows of receiving electrodes 
(sixty-four^ in all) in each chamber. The discha'ge electrodes 
are made of rcgulus metal bars (7 ft; 11 in. long,i-,nd of cruciform 
croso section; the four wings being i in. long by | to yV in 
thick, sharpened to promote discharge) and hang midway 
between the receiving electrodes. They are spaced 12 in. apart 
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in sets of eight, on letd-covered steel bass, carried on insulators. 
^Each chamber is proiiided with {8 bars-jrf./., 144 discharge 
, electrode.s. ' , 

Although alternating curpent can be used for [Precipitating 
fogs, unidirectional current i.^ necessary for cleaning moving gases. 

• liiach of the four chambers is connected to a lo-kilowatt 
high-tension generating set, consisting of 100,000 vtilt step-up 
transformer, motor, rcctifiw, arj.d(i switchboard, there being 
five independent sets of each, wlflith can be connected to any 
of the chambers. The average power consumption for four 
chambers amounts to 620 kilowatts per twenty-four lig.urs. ¥fce 
electrical potential maintained between the electrodes varies 
from 68,000 to 73,600 volts. The bars are negative, and the 
plates and positive poles are earthed. The gasqs enter the 
precipitator at a temperature, of 85 to 90" C. (corresponding 
wjr'- ii. fan temperature of 100° C.), and Ifeve at 10 to 15° C. 
"below the entrance temperature. The average velocity is about 
3 ft. per second. The amount of acid recovered averagers 
30 tons of 51 per cent. H.^SOi from a total of 420 twis HjSOj 
charged to the towers as 67-5 per cent. KjSO^. This represents 
about 3 to 3.^ per cent, of the total II.2SO, chafged to con¬ 
centrators. About I to 1-2 per dfcnt. of the acid passes up 
the stack into the atmosphere. 

The installation at R.N. Cordite Factory, Holton Heajh, 
erected by Messrs Huntingdon, Ileberlein & Co., for treating 
the fume from Kessler concentrators is described in Engineering, 
28th January 1921. Two chambers in parallel form a unit 
for dealing with the fumes from two Kessler plants, con¬ 
centrating from 10 to 15 tons of sulphuric acid per twenty-four 
hours. The treatea chambers are-wooden boxes, 19I ft. long, 
*" 55 ft; high, 4i ft. wide, lined with 10-lb. sheet-lead, and occupy 
the same apace as one of tfjie old coke-packed scrubbers. The 
discharge electrodes are rcgulus ''metal bars, of cross-shaped 
section; the, collecting electrodes are lead plates, made of 
8-lb. sheet-lead, and are earthed. The treaters are worked 


generally w.ith current at 55,000 volts. The funseh from “the 
two Kesslers are drawn through a' coke-scrutber, and enter 
the heater at about 80° C., with a velocity of 5 ft. per second. 
The weak acid recovered* contains 30 to 34 per cent, by'weight 
of HjSOi- By-passes are provided to allow the scrubber to 
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be cut out, and the gases to be taken* straight through to 
the treater, if desiad. . | 

Delasalle’ describes the preliminary laboratory experiments)' 
and the theoretical conridcsationi^^hich served as a basis for the 
design of the plant erected for the Service dcs I’oudrr.s in France 
for precipitating the sulphuric acid mist from twp riaillarcj towers. 

The plant consi.stcd of .si.xty lead pipes of 3 mm. thickness, 
20 cm. diameter, and 3 met'cs in length, .supported at their 
upper ends by Icad-covercd iron collars, resting on the floor 
of the upper chamber. In order to prevent drops of liquid 
from entc.ing the lower chamber, the pipes were made in two 
section.s, cf which the smaller was enclosed in the larger for 
part of its length ; thus forming an annular space, which was 
expanded i.ito a lute, into which the acid fell, ami which served 
as a liquid seal to^jrevent the entry of air. From this .seal 
the acid flowed to a collecting vessel of lead. ^ 

The,electrodes consisted of wire formed like a .star, and 
attached to lead-covered iron rods in the upper chamber 
terminating in leaden plates in the lower chamber. The fume 
was made to traverse the precipitator from top to bottom, 
and its distribution was effected Iry special dcvicc.s. ^he 
apparatus was placed between the Gaillard plant and <he fan, 
so that it was always under suction, and the connections were 
so arranged that it could be worked in conjunction with cither 
or both towers, with or without the cokc-box, or cut out 
altogether. In order to olrtain acid of a strength of 40° B. 
(.sp. gr. I'384) maximum,^he temperature at which the gases 
enter the precipitator must not be below i(X)“ C, and a portion 
of them was therefore conducted to the apparatus direct from 
the coke-box to maintain tfiii^ temperature. The average yie ld 
from two Gaillard towc'.'s producing 1950 kg. (too per'*ccnt 5 "^ 
H2SO4 every twenty-four hours, excluding tije.coTre-box acid, 
was 11-5 g. per cubic metre of furfle—the latter having a re.siduai 
acidity after treatment of 1 g. of 5-18 to 0-2 g. representing SOj. 
Including, the ajnount recovered from the cokc-box, which 
ai^eraged 5^, per cubic metre, the total yield was 5^5 kg. I?i,S04 
per Gaillard fbwer per twei»ty-four hour.s. 

The table on next page shows some of the results obtained. * 

* Chem. et Ind., 1920, pp. 291-316; J. Soc. Chem. Iml. {Aistr.^, 1920, 
p. 720. , \ 
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The efficiency may be increased by rawing the temperature, 
but it is reduced cf the fujne velocity ds too high, or by the^ 
presence of nitric acid. Modifications of the plant were efifected^ 
as regards iiivreasing tlje pjpc le\jgths to ^-25 metres, and the 
diameter to 100 min., and the flii'ection of the fume was 
reversed. • 

It is claimed that the ^u.sc of the plant wirli nine Gaillard 
towers produced an cconoi ly of 9^,000 francs per annum, and 
when it was also applied tbvthe recovery of acid from seven 
ij-ton Kessler systems, the total gain amounted to 20 O,<XKi 
francs perrannum. 

In the,table on p. 280 there are li.sted the electrical pre¬ 
cipitator installations that have been erected and satisfactorily 
operated fo.-- removing sulphuric acid mist frojn gases ftom 
concentrators in America.' This table includes data oiir.the 
number and type or towers, with their combined capacity^^sj^id 
feed, the recoveries and concentration of the recovered acid, 
and essential data on the size and operating conditions of 
the precipitators. 

r; „ 

Tfpicat operating Costs for Tower “J" for One Year. 

Power (200 w.attJpcr pipe, 300 days, at 2 cents per kw.-hour) c . $460 
Labour, 2 hours ])cr day at 50 cents per hour .... $300 
Repairs (estimated) ....... I$200 


With the exception of installations J and K, all precipitators 
were installed after the usual coke-scrubbing towers, and for 
the primary purpose of elitninating a nuisance. Installation J 
was made without coke scrubbers, but there was included in 
the system a cooling coil of. 12-in. lead pipe, whh return bends 
exposed to the air, ha ;ng a' total length of 125 ft. .JVhefi, 
scrubbers are omitted the addition of such a cogling coil is 
advisable, because the precipitator efficiency i.s»vtistly improved 
when the ga.se.s arc not hotter tlyan 200 to 210°Rat the time 
of treatment. The efficiencies of*thesc installatmiis have been 
cofisistent'iy# high! Continuous operation with clearances of 
98 to 100 pc» cent. havO) Ijccn maintained. WhCrc scrubbers 
have been Omitted, tests have shown over-all conceetrator ^ 
efficiencies of 96 per cent,, based an ^hc amount of acid passed 

' U.S. Bureau of Mines, Bull. 184, p. 142. 

• • 
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* K, Kulbperry towers; S, Skoglund towers; C, cascade type. 












INFECTION OF WATER flJTO FANS Ml 

through the tower, the amount of concerttrated acid produced, 
and the amount recovered, in the precipitator reduced to the 
basis of 100 per cent, sulphunic acid. 

Welch (U.S. P i283984,of 31 it ^December 1918) converts all 
the dilute acid (chamber acid) into the vapour pha.se, and then, 
by cooling to a certain determined degree, a cloud of acid of 
definite strength is formed, and the particles of this cloud are 
collected by electrical pkeipitafion. I'he temperatures of 
cooling ?md the corresponcfii^ strength of aeid obtainerl are: 
260 to 280° for 90 per cent, acid; 200 to 210“’ for 80 per cent, 
acid ; and ;65 to 175“ for 70 per cent. acid. Practically complete 
recovery of acid is effected. 


INJECTION OP WATER AND WEAK AOID INTO 
^HIGH-SPEED PANS. 

According to the Alkali Inspector's Report {\gi 6 , 1917) the 
treatment of fume developed in concentration of strong .sulphuric 
acid received much attention, and two new methods were under 
trial, both of which resulted in a marked decrease of acidity of 
the waste gases treated. One of these was the adoptioi^jj^^ 
electrical metliods to remove acid spray (see p. 268); the other 
was the supply of water or weak acid to the fan used for inducing 
sufficient draught on the fume fine of ca.scade units. “ ]fy this 
simple means also a great reduction in the acidity of the gases 
was effected, and its adoption may rapidly extend. In both of 
these methods an impressii'e feature is the very short period of 
time during which the ga.ses are subjected to the action of 
electric influence or fan movement.'’ . 

Experiments have showij that steam is not effective [n. 
reducing the content of .lulphuric anhydride in the (tsfl^gases, 
but that water dissolves ^he acid mist uijtiJ it reaches a 
maximum strength of approximately 45" per cent, acid, after 
which it has no effect on thc«gascs. The best results are 
obtained .when (he .solution contains less than 25 to per 
cent. HjSC?,, and, under these conditions, the SO., content of 
the exit gases is reduced below i gr. per cubic foot, ly order 
to cyry out this idea, acid of 25 per cent, acidity from an 
overhead feed is injected at the inlet of the fan, so as to irapuige 
between the rotating bjades. The liquid runs from the base of 



282 CONDENSATION O^ SULPHURIC ACID VAPOURS * 

, C 

the f^n into a small tank, whence it is elevated'to the feed tank 
^by means of a Kestner elevator, gufi^cient vfater is run Into 
,the circulating system \o 'maintain the acidity at 25 per cent., 
and the surplus acid is run /tway fronj the plant. ° , 

* Calder-Pox High-Speed Scrubber. • 

< ♦ 

A new typo of scrubber has b^fecn introduced by Messrs 
Chance & Hunt, Ltd., Oldbury, W, A. Caldcr, and C. H. Fox 
(IL P. 126320 of 9th December 1916), which is now employed 
extensively for the condensation of acid mist from concentratioi^ 
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plants of varying types. The author is indebted to Mr W. A. 
Caldcr for the following particulars. , 

l)esig?t .—The high-speed scrubber is usually made of lead; 
if, however, other corrosive gases, such as nitrogen oxides, are 
present, the use of this metal is avoided. The exit gases from 
the concentrating plant, laden with acid mist, are drawn by 
means of a fan through a scries of perforated plates, or other 
baffles, at a speed of not less than 20 lineal ft. per second. This 
causciS‘’'ei'C particles of acid mist to coalesce and fall to the 
bottom of the scrubber, whenfce the condensate is drawn off. In 
the absence of oxides.of nitrogen, the lead scrubber, packed with 
three perforated lead, baffles, js used ; the plate nearest the inlet 
is pierced with ^-in. holes, the second and third plates with J-in. 
holeV The,plates la.st four to six months, and over; tl)e first 
plate is most affected, especially in the centre. I',i the presence 
of oxfdes of nitrogen, the scrubber is built of brick and the 
baffles consist either of thrtd perforated plates made of eaftheii- 
ware instead of lead, or else strips of glass about i ft. in length, 
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i ft. broad, and' J in. ihick, arranged as "in sketch (Fig. ,i 26). 
Ordinary windoyl' glass .is quite suit^le, and stands up well. 

Temperature .—The temperature of the gases entering the^ 
scrubber should on nojacevunt cjfceed iJo°, as the efficiency 
falls off rapidly at higher temperatures (probably due to 
dis!!ociation); no to 120° is recommended as most .suitable.*' 
It has been found that in»thc case of the Gaillard tower, the 
density of the conden.sale In °Twfis approximately the same 
as the tAnperature in 0° C.,^1 which condcn.sation takes place. 
J'his holds good between 90 to 145'. If the temperature falls 
below 90°,"the condensed acid may fall to 40 to 50 per cent. 
H,,SO,. Although it is po.ssible to water-cool the fume main 
leading to the high-s[)eed scrubber, this is not desirable, as 
much water vapour Is conden.scd when the gases come into 
contact with the co^l inner surface of the main, which would 
remain as water vapour if tnc main were air cooled. 


Working of Scrubber. 

t he inlet damper ^ an essential part of the .scrubber, and 
should be Icm'crcd so that the sjrccd of the gases under its edge 
will be about 80 ft. per scco.ld. This damper spreads the ga.*i» 
well over the Surface of the baffles, and imirroves greatly the 
working of the .scrubbers. It is advi.sable to have two small 
glass windows fitted at the outlet of the .scrubber, and to adju.st 
the damper .so as to obtain the cle.ircst e.\'it gas possible. When 
the right conditions obtain, ordinary print can be read with ease 
through a 15-in. layer of‘the gas. The draught across the 
scrubber and inlet damper should be about 3 in. to 3! in. water- 
gauge ; there is an ap])reciable falling off in the •efficiency of the 
scrubber when this difference in draught falls to 2\ to 2|j^. 

« 

Capacity <f iligh-Speed Scrubber.' 

A scrubber 3 ft. internal diar^cter wil’ deal 4vith 40 to 60 
cub. ft. pci^ second ; that is, with an output of 25 to 40 tons of 
reclifi<»d oil*of vitriol per twenty-four hours, and, jjrovidecT the 
concentration ^lant is run* m a rca.sonable manner, the acidity 
in the^exit gases can be reduced readily to less than i {fr. SO, 
per cubic foot. The SO, content Should be kept as low as 
possible, i.e., undpr i gf. j5er cubic-foot, as its presence is largely 
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due ,to decompositifcn of the acid Cbncentrated; and .this 
, decomposition leads to ^the formation- of mists, very difficult 
, to condense, and to loss of acid, as SO.^. 

The cost of the* high-speed scrubber is only a fractien of 
that of an equivalent coke scrubber or electric deposition plant, 
whilst it is built far more quickly, and its small siz.c enables it 
to be placed in positions where there is not room for a coke 
scrubber, and to be moved from one plant to another if desired. 
The simplicity of the baffles, a^id the fact that the)- can be 
changed in a few minutes, constitute a great improvemctit 
over the elaborate graded packing of a coke scrubl/er. Special 
technical knowledge is not required, as in the case of electric 
deposition plants, and the performance of the scrubber is not 
liable to the .wme fluctuations. Once the high-speed scrubber 
is adjusted —a matter of a fewuninutes asa rule—it requires no 
m-1rc» ittention than a coke .scrubber, and is free from the ri.sk 
of clogging, which takes place occasionally in coke scrubbers, 
when waste acids, containing volatile organic bodic.s, arc beirfg 
concentrated. Very few repairs are required, and a purer and 
stronger condensate is obtained than when a coke scrubber 
is , used. 

The following advantages arc claimed for the high-speed 
scrubber: (i) High efficiency; (2) low initial co.st; (t'l small 
size and compactness, together with simplicity and accessibility ; 
(4) low cost of running and rei)airs; (5) high strength and 
purity of acid recovered. 

According to the Alkali fnsfectoi^s Report (1917), a 
new type of .scrubber, known as the “ Calder-Fox" high-speed 
scrubber, was introduced during 1916. It is of special Interest 
on account of the vbry short period of time—a small fraction o; 
' 'a scT?Ssy=*—in which the remova' of suspended acid liquid 
particles i? effected by frequent sudden change in directior, 
of the flow of the gases, and by provision of surfaces so disposer 
as to promote friction bettveen gas .-.nd solid. It is to bt 
noted, however, that, in common with electrical methods, it- 
chief effect, is exerted on suspended particles, aAd that acic 
remaining in the gaseous phase is but slightly influenced. This 
consiberation is of importance when, as is frequently the case 
sulphurous acid is present' in imp6rtant quantity. As over 
heating dissociates sulphuric anhydride into sulphurous ack 



FIRES IN C0KE'S(!RU*BEHS 286 

* . 

gas and oxygen,. unfluQ pressure fln a cc^icentrating plant is 
apt to lead to tke ^formation of acid in the gaseous phase, to 
arrest which, neither the electrical ndi*t|ie high-speed scrubber 
seems to be suitable, unless'associated \wth condensation of* 
aqueous vapour by co?iling. AcJBrding to the 55/4 Alkali 
In-'fiector's Report (1918), the Calder-Fqx scrubber was furthtr 
improved tn the light of,accumulated experience, and is an 
efficient remover of suspended liqi*id particles. 

Fires in Ooke-Packed Oondensers. 

Accoiding to the 54/4 Alkali Inspector's Report for 1917, a 
scrubber connected with a cascade plant took fire. In order to 
prevent undue condcijsation of water, and so obtain a condensed 
acid of greater stren|;th, the leaden casing of the scrubber was 
enclosed with 2-in. Doarding. ^^arious reasons were ad^n^'d 
as to the origin of the fire—the inferior quality of the coke 
packing being one of them (gas coke instead of furnace coke). 
This instance, however, is by no means an isolated one, similar 
cases having occurred in connection with Cascade, Kessler-, and 
Gaillard plants, and no adequate explanation of their origin has 
been given. In one case iflicre a wooden cover was proviot,# 
and the intci\’ening space packed with .sawdust, to more 
efjfecnntlly retain heat, it was found that the temperature of 
the cascade gases was sufficiently high to set the sawdust 
lagging on fire, although separated by the usual lead casing. 
Another case of internal fire was attributed to pieces of wood 
which had got mixed uj 5 with the coke paeking. When 
concentrating waste acids from the manufacture of T.N.T., 
a certain amount of nitro bindies is carried .over' in the scrubber 
and is condensed in tlic pory^f the coke packing. Fuft^hawe 
been caused in such scrutmers \jp the ignition of me nitro- 
body, due to excessive biat/such as a plumbcr«burning lead on 
top of the scrubber whip in action, 

Fires can be causes by carele^ness on the part of the plant 
opcrative,*e#pecia 11 y in the case of the Gaillard tower plant. 
If the*supply acid to 4 hp main tower and reeSperator of a 
Gaillard tower is blocked for any reason, the hot furnac# gases 
passiif^ right through into the scr«bber will drive off the weak 
acid and water, and ignite the vjoodwork and coke in a* very 
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short space of time. cThe sifpply of acid rriay fail on the tower, 
owing to:— „ ■ ' 

' (a) The atomiser sfCr'ais or nozzles having become blocked. 

( 6 ) Failure on the part of the operative to chat.ge over the 
feed-acid eggs correctly. I'l the egg i.s blown empty, the feed 
will stop until this is remedied. • 

(f) Operatives have been knojvn to throttle' down the 
delivery valves on the feed-, mains,, in order to avoid changing' 
the spray nozzles when the feed too strong for the requisite 
strength of acid required. As they have no means of knowing 
how far they have checked the acid flow, in some caii"s it is shuP 
off completely. 

The box type of recuperator, fed with a constant stream 
of weak acid from a gravity cistern, offe.'S greatc); protection 
against risk of fire than the qpen-tower {ypc. 

^Rf,vicwing the small amount of evidence which has been 
publi.shcd on this subject, it appears probable that sufficient 
attention has not been directed to the fiict that wood chains 
at a temperature of 200 to 225 ’; while coke docs not ignite 
below 400° (sec Mills and Rowan, “ Fuel ”). 

The temperature of the gases entering the' .scrubber is 
"highest at the point of inlet, and 'varies between 180 to 230“ 
according to the method of working the plant, so that, in 
some cases, the woodwork of the scrubber may be igtiice'd ^at 
working temperatures. If this happens, the melting of the 
lead (melting-point 315’) follorvs quickly, and, a.ssistcd by 
the draught of the fan, the fire spreads rapidly to the coke 
packing, unless caught in time. 

Comparison of Various Scrubbers. 

Kwrfc'nbach' examines critically various types of .scrubbers 
in use. - 

Scrubbers are constructed usSah/, in heavy woodwork 
and lined witli brick tiles ;< and thciq dimensions are such 
that the surface of radiation is small in comparison with 
theff volume, so that the cooling effect is small. Setybbert 
of the type shown in Fig. 127 are irrational, bicause the gat 
encounters the bed of fine coke first, and then descends 
through the beds of coarser material. The gas tends to follow 
' Chim. Ind. {Trans.), 1921, 6 , 59. . 
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the path lof least resistance, and^descenjls vertically towards 
the' exit without jtravcrsin^ the remainder of the packing. 
In a short time this section of thc*^ 4 cking becomes choked,' 
since all the condensation and the lead,salts collect at thi? 

* ♦ * • 


y 



V'Kli'. IJ9. * 


point. Fig. 128 sho^s a partiJl attempt to overcome this 
difficulty, meahs of a barrier of fine coke, which cau.se# the 
gas to take » more cinJuifious route. The .scrubber shown 
in Fig. 129 is a more rational design, because the gas*enters 
ah th€ bottom and passes up\\*rds through the packing, 
meeting first the large size packing, then the finer mafefial, 
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and finally the very fine layer. The gas fends to spread 
through the entire packing, because the resistance is uniform. 
• Kaltenbach recommjnti.^ an arrangement of the type shown 
Li Fig. 130. P'ronj the recuperator the gases are conveyed 
into a set of lead tubes, coded externa.ly by air, or preferably 
e by a stream of water. ^ The degree of cooling is regulaied 
so that the strength of the condensed acid is suih that it 
can be utilised on the recyperator. The first coke scrubber 
which follows this cooler is of sm^l-dimensions, and is (lesigned 
to act, not as the big coke scruboers to cool the gases at the 



same time as condense them, but solely to precipitate the 
.liq uid droplets by shock on the rough surfaces. ' The gases 
now pass into the section of the apparatus designed more 
especially for their purification by the condensation of the 
remaining sulphuric acid vapours, so that they can Se dis¬ 
charged safely into the atmosphere. It consists of a second 
set of lead cooling tubes, which are regulated to reduce the 
temperature of the gases just to that point at which the 
acidity of the fumes is below the limit at which they car 
be emitted into the atmosphere. A second coke scrubbei 
serves to precipitate the dro|^'ets of acid thus condensed 
R.alteTJtej'^h claims that a scrubK-r of the above design i; 
just as effedtive as the electrical prA^joitator for the condensa 
tion of the funics from a Gaillard C ncentrating plant, anc 
is much less costly. •• 





ch!\ptki^ vii 

• * 

REC( 5 vEKV of SULI'UUKiI acid from WAtiTK ACIDS 

Recove^ of Waste Acid from Petroleum Refineries. 

The following procc.ss .serves for the concentratit)n of acid 
recovered from the “ acid tar " or “ .sludge acid of petroleum 
refineries. "I'his acid^tar is first diluted with water, whereupon 
most of the tar is .separated and .skimmed off (U.S. 1 ’. of^'al^js, 
97182 of 1867). The acid liquor is now concentrated in leaden 
pjns, fir.sl by bottom heat and then by top heat, up to a 
strength (pf i58‘’Tw, The last concentration takes place 
in cast-iron pans with leaden hoods. 'J'he pans, two of which 
work togethw terrace-wise, are 2 ft. by 4 ft. wide and 6 in. 
^deep; they have a rim sifiped for a hydraulic lute, lined" 
with lead, into Vhich ilips a double-walled, roof-shaped, feaden 
hoydTHfrough which water is kept running, on the jrrinciple 
of Faure and Kessler's stills (see p. 90). All the joints are 
made with asbestos cement. The princiirle of this apparatus 
is shown in sketch, Fig. 131. 

The Chemische F’abrik G.' (Ik P. 9614 of 1885) dilute 
the acid tar with an equal volume of water and allow to settle. 
The lower layer containing t^ acid is .separated from the 
impurities by vva.shing withyrarbolic acid, or similai^*iies7 
and can then be employed^or decomposing sodium phenatc, 
etc. The acid is convcrto^iffcferably, into amnfcnium sulphate 
by neutralising with an^onia. , , ^ 

Ostrejko'* (B. P. 1*40 of 1908) describes the recovery of 
sulphuric A«1 from acid-tar by the well-known^process»of 
diluting* 57° Tw^ separating tjie tar, and concentrating 142° Tw. 

In order to complete the separation, the acid is again dHuted . 

with clAmber acid or waten and boSed down. I he removal of 

• • 

> /. StK. Ckem. Ind^, 1886,•?. 160. * Chem. Zeit. Kip., 1902, p. 360. 

J88 ’ * T 
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the lar is promoted by ad(?ing a certain description of carbon 
invented by the author of that coipmunicafion ; i per cent, of 
this is said to convert!'tfe acid into 9 colourless product. 

U. Wedge' dc.»cribcs the usual process of Hvorking up 
the “sludge acid” from the' 'petroleum refineries. As it comes 
' from these it contain.'^' about 45 per cent, of oil. Mo.s* o: 
this is separated by diluting the acid to 63“Tw. ;'it is called 
‘‘ acid oil,” and is utilised 'as fuel,. The weak acid separatee 
from it still contains 12 pcr^db'nt. oil. It is heated in ; 
shallow, hooded lead pan, by means of a light steam-coil t( 
110° C., in which process a very slight quantity, of sulphu' 
dioxide is formed. The acid now enters a scries of thrc< 



Fig. 131. 


shallow lead pans, 6 ft. by 45 ft., 12 in. deep, covcrcil wit 
brick arches, where it is treated with surlace-fire (“ wcak-aci 
pans"). Here it gets up to lae^Tw, and a temperature 
l6C°C., with some loss of SO., and SO,, (the gases showc 
1-24 gr. SO., and 0-92 gr. SO., per cubic foot). Now tl 
acid enters a scries of two ic;«^ pans of the same size as tl 
'abov«j«0',td at last two iron pan.s;^3 ft. by 7 ft., 9 in. deep. Tl 
lead pans (ire also housed hi biickv-pid heated by surface-fit 
From thc.se ('.strong-acid pams'”) ',}ic acid i.ssucs with 
temperature jof 239“ C. and shows i6(\’Tw., equal to 92^ p 
cent, acidity. The ga.scs'from these^ians showed 287 ^ 
SO2 and 4 9 gr. SO3 per cubit foot. There ■ was ,a tot 
loss of 25 per cent, of the acid—91 per cent.'of which occu 
in concentrating from 126 to 166° Tw.—86 per cent, bei; 
caused by the action of' the oil on the sulphuric acid iormi; 

' /. Soc. Chem. Ind., 1895, p. 345. 
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sulphur dioxide," which cannol: be rcmovwl in conscqueive of 
the heating by «U';f;ice-iirii^. Calculation shows that I lb. of, 
the hydrocarbon dissolved ip, the oil •will destroy 20-88 Ib^ 
acid of 92} per cent. , • 

Waring and Krackei?bridge (U^. V. 643578 of iqai) jnnify 
sludge acid by heating with about 4 per cent, .sodiiiin nitrate 
at a temperature of 15 to»82’C.; l per cent. NaNO;, suffices 
for removing offensive odour.;. “ 

Friedkuul and Ljubobar.?k,^ (Ru.s. I’. 6631) dilute the acid 
tar, .skim off the tar, allow • to .settle, and submit the clear 
‘'liquid, bro'-.ght to 106 Tw., to the electric current, which 
oxidises the carbonaceous matter to CO,^. 

Fleischer (Ger. P. 182246 of 1906) puts the acid-tar in 
porous earthenware vessels, which arc placed iu water; jjurc 
sulphuric acid diffi^cs through the earthenware into th^ 
w'atcr, and the tarry substances accumulate insid* flic 
vc.s.sel, up to a maximum. The w'atcr outside is ultimately 
converted into acid of about 1-52 .sp. gr. 

Illachei' and Sztenccl (U.S. P. 95O276) obtain pure acid 
from the sludge acids'of petroleum refineries by running it 
into boiling concentrated si^phuric acid, blowing air throui^h 
this and condensing the escaping vapours (cf. p. 292, the 
report of Wi.spck on the patents of the Steaua Komana 
PetrbTeifm Co.). 

Stoiz.enwald' (Ger. P.s. 212000 and 213589; Au.str. P. 
42408) introduces the waste acids, of whatever origin, in the 
crude state, or diluted with^water, or preheated, at the bottom 
of upright, annular boiling pipes, provided at the top with 
outlets for gases, and for the cmiccntratcd acicj, and arranged 
in such a manner that the j^perature gradually increases 
from the bottom upwai Is. yRi the lower, cooler the 

pipe the oily matters arc^^jarated by the effect, ot concentra¬ 
tion ; in the hotter, Uj^'r»part ^)f the ivpe *thc resins and 
tars and a little of th^sulphuric ^icid are, dccompo.sed. The 
final products arc oilsf sulphuric acid, SO,, and carbon. |'he 
latter i^ earned along by the acid, and is scparatjcl from this 
by subsidence filtration.* iThe gasified oils and SO^ escaping 
at the top are Separated by cooling, and the SOj can be worked 
for-'sulphuric acid. Before'passing ^h*e waste acid through.this 
‘ Cf. alsojiis stafejnents in CAem. Zeit., i9o8,-.p. 1017. 
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apparatus, it may, after treating it with water and preheating, 
be treated in such a manner that tlje escapisgtoils are recovered 
jby cooling, while the* resins faijd tys arc separated on the 
surface of the acid as a solkl paste;, leaving behind a sulphuric 
acid of about loG'Tw. 

Uonath ‘ describes the very well-known plan of utilising 
waste sulphuric acid (from pctroleutn refining, etc.) by heating 
to about 300' with nitrogenous r.ubstances, such as leather,” * 
hair, etc.; by extracting the pyoefuct with water, ammonium 
sulphate is obtained, and the residue may be utilised for 
decolorising purposes, or for producing potassium fcrrocyanide. 

Wispek - discusses the utilisation of the waste, acids from 
the refining of petroleum. Two classes of such “acid-tars" . 
mu.st be distyiguished, viz., tho.se produted in the refining of 
pctroleum-naijhtha (“benzin”^ and ligljting oil, and those 
fr6m«the refining of lubricating oiks. In refining benzin or 
petroleum, about 10 per cent, of the sulphuric, acid is 
decomposed, and 90 per cent, remains behind, mixed with 
so much organic substance that for each too parts of fresh 
acid of 168° Tw. u.scd in the refining process, 125 to 130 
P, p yrts wa.ste acid of 106 to I20‘’'l^w. are formed.* By diluting 
this w;th water to about 64° Tw., mo.st of the organic substance^ 
(say 20 to 25 per cent, of the wa.ste acid) is separated in 
the form of a black repugnantly-smelling tar, sp. gr. about 
0 900, boiling principally between 100 and 200’, and containing 
about one-third neutral oils and two-thirds compounds of an 
acid nature. The whole of the sijlphuric acid collects at the 
bottom in the form of brown, clear, dilute acid, which mu.st 
be concentrated. In the wa.'jte acid from refining lubricating 
oils, the proportion of sulphiiKc acid is about 80 per cent.; 
ft is in the warm state a\hick liquid, from which the 
resinous ntatters are not easily \paratcd. This acid-tar is 
partly freed fr<jm .s,ulphuric acid by fixating in large cast-iron 
pans by means of rlirect steam, someftties also by a coal-fire 
from below, so that part of "the sulphur'c acid is driven out; 
the* tarry matter remaining behind is burned "undep the qil-psns. 
The recovery of pure sulphuric acfd of 168" Tw. from these 
acid-t'krs has not been until recently successfully accomplished, 
in ^pite of many attenfpffe; the 'acid obtained was 'always 
> Ckem. Zeit.y 11304, P- 1153. ' * Petrol. Ifh/., June 1911, pp. 1045-48. 
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black, and always retained injurious •rganic compojmds. 
According to the*iJtoce.s.a of j'ilat, Bolland, and Sclcer (Austr. P. 
31595 of 1907),or Julius 4 *leisc.hfr (Ge * F. 182246, r«/ra,p. 29i)j 
it is indeed possible to' obtain a vater-wWte, dilute sulphuric 
acid, free from tar, by sijfbmitting tTie "acid-tar to diffusion with 
watur through a porous diaphragm. «Hut that white, dilute 
acid contains all the ori^anic and sulpho-acid.s, which, on 
concentration, dccompo.se aud agaifi stain the acid black. No 
more suciJessfLil, according to*'i!! ispek, .seems to be the procc.ss 
of Stoizcnwald {stipni, p. 291). 

Pfeifer ,Mid Fleischer (.Austr. 1 ’. 43739 of 1910) treat the 
acid-tar with silico-compounds; but the yellow acid obtained 
thus turns black on concentration. I'he same action lakes 
place when the acid i.S filtered through bone-chatcoal, or when 
it is heated u ilh nikric acid ; r»nd, moreover, their proccs.scs 
arc too costly. The wide.st application has been secured Bij' 
the process of Hartmann and Honker (continuous concentration 
in lead pans up to 142'Tw., and then in ca.scades of porcelain 
di.shes to KiS" Tw.), snpm, p. 104 , but this proceeding, according 
to VVispek, is very troublesome; there is much SO., given off, 
and .so much carbonaceous aiid asphalt-like .substance is .sccrcttyl 
that the overflows are .sto|)pcd up, and have to be con.stantly 
made free by perforating these crusts, aiul the concentrated 
acid is ^.so black. Hut by the process of the Steaua Romana 
Petroleum Go. (Austr. H. 42293 of tpio; Gcr. Iks. 221615 
and 224566; patented in the U..S. America by Hlacher and 
Sztcncel, cf. j). 292), 75 to per cent, of the su'phuric acid 
originally employed is recovered in the form of pure white 
acid of 97 to 98 per cent. 'I'h^ said Company at Cam[)ina 
(Rumania) work up 150 ci.^-rn.s of crude petroleum at 
10 tons each, and proouccycneir own sulphuric amV ftiming 
acid by the rcntcicw con‘;>ct process, which yield.S’ every day 
more than :t truck-loadacid-tat. In igp7 diey introduced 
the new process, con.si/ing in hciiting strong p.ire sulphuric 
acid in a retort to boifing, and continuously running in black 
acic?, eitlier aS such, or as it is obtained from acid-tarjjy dilution, 
at the same tithe passing through the acid a current of air. 
The sujiply of !)lack acid is regulated in such manner that the 
tenflpefature in the retort always remains constant. The vapyuys 
formed arc coole4 in receivers, and yield pure sulphuric acid, 
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whi<^, in case of need, can f)e subsequently concentrated. The 
process goes on continuously, and only for,tl|e first start fresh 
pure acid is required. Hfi*actu^l ^pracjjce lOO vols. of the liquid 
acid-tar from refinimg benzene and petroleum is mixed with 
50 vols. water in mecha'niad agitator,^producing 20 to 25 vols. 
of oily matter and i25<to 130 vols. dilute sulphuric acid ^ to 
77" Tw. The bils are washed with water two or fhree times, 
and then used as fuel for chstilling, and concentrating the dilute ' 
pure acid ; the acid washings employed for diluting fresh 
waste acid. The dilute brown acid, separated from the oil.s, 
is first boiled down in lead pans to 142" Tw. by mciuis of waste 
fire-gases, and then run into a retort, the bottom of which 
consi.sts of a ca.st-iron dish ; the upper part being constructed , 
of acid-resistyig fireproof stone.s, prcfcnibly volvir lava. The 
retorts have a capacity up to cub. metres. They arc charged 
tWth 4)ure concentrated sulijhuric acid, which is heated above 
300’ (that tem|)eraturc is required fur completely decomposing 
the organic matter); a current of air is passed through by 
means of a pipe dipping into the acid. Pure acidVif 142° Tw. 
distils over; the air going away contains much CO.„ but only 
tjaccs of .SO.„ Care mu.st be ti^ken to keep tlfe (piantity of 
the dy ty acid in feeding the retort equal to that of the distilling^ 
acid, .so that the .state of concentration within the retor t rema ins 
always the same. The concentration of the acid distiiring over 
takes place in a similar retort up to 97 to 98 per cent.; the 
acid of 77“ Tw. over here is evaporated together with the 
142" Tw. The 20 to 25 per cent, oily matter, produced as 
stated above, is suflficient for j'ielding the heat for all the 
distilling and concentrating mjcration.s. The process goes on 
day and night. I he workingoi^ of a truck-load of waste acid 
^jcr dajs,rc(iuire.s three men at mw and two men at night, with 
a foreman* vyho mu.st be .an expCT^ in lead-burning. Such a 
plant has bceif coijtinuously at woriVat Campina since 1908, 
and other tv\;o plants, for .a^ truck-loacVper diem each, will be 
started in Galicia. This process of Me.sSrs Blacher and Sztencel 
must be acknowledged to have completely ‘solved \he .diflfcult 
task of dealing with that troublesomli waste prcAJuct. 

E. 15 . Gr.ay (U.vS. P. 1005425) concentrates w6ak .acid derived 
from petroleum sludge by h series sf intercommunicating open 
pans, followed, by a scrie.s of .stills,_also intercommunicating, 
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:ach provided with a water-jacketed hea'd .and condenser. The 
itills and pans ai^ all placed in the same level on the furnace, 
he liquid from the last pan disjhargn%|into the first still. ' 

Gellen (U.S. P. 106202J) runs the wa^jte acid from refining 
)ils continuously into a dccomposJhg'-vessel, placed in an outer 
^c.rrel heated by a steam-coil. The decomposing li<piid is also' 
un into tnc inner vessel ;.the mi.xture formed there rUns into 
he outer vc.ssel, and from this into.a .settling-chamber provided 
vith a i!ieating-coil, from Tvliich the recovered acid and the 
lydrocarbon oils run off continuously at different heights. 

Hraiinl'i h' ( 15 . P. 2695 of 1913; Gcr. P. 267S73) runs the 
icid-tar slowly into fu.sed .anhydrous alkaline hydrosulphate, 
rrcfcrably kei)t in motion, at a temperature above the hofling- 
joint of sulohuric acid, in the .same proportion .as the pure acid 
li.stils off 'I'he presence of a, cataly.ser, cupric sulphate, 
ncreascs the action. Dilute acid may be treated direj'tl)Vl)y 
:hi.s process. 

Kroupa (Au.str. P. 67116) rcgcner.atcs acid from acid-tar 
ay running this in a finelj’ divided state over heated fireproof 
ind acid-proof materials, with .admi.xturc of air. 

Coster v.m Voorhut ' ( 15 . P. 12363 of 1915 ; Ger. P. 292^28) 
alaccs waste .acid from petroleum factoric.s, after dilution with 
.vatcr to about iis 'Tw., in a lead-lined, .steam-jacketed auto- 
;'.ave, iflid forces in carbon dioxide until the pre.ssure reaches 
7 atm. .Steam is then p.as.scd through the j.acket until the 
arc.s.surc within the autoclave h.as ri.sen to 10 ,atm. The heating 
s maintained for two hours, when the acid will have .sc|)aratcd 
'fom the tar without any formation of .SO^ or .SO.,. The acid 
ind tar are then blown out of the autocl.ave separately. The 
CO., is washed and u.scd over /gain. 

Biihler'’ (Gcr. P. 28; tSSj.f'xpo.scs the waste acid to,hot gases. 
Tee from oxygen, at a 'emperature of 273° and’ upwards, by 
means of a rotating dri/n ofipping into it. Th# coke residue left 
an the drum is remov^ by a .scraper and also recovered. 

Still * (Gcr. P. 29’y75) treats me waste acid in the hot .state, 
in w'jiich' it is Sufficiently thin, w'ith high-prc.s.sure stetAn or 

• ' , * 

, ' /. .‘Tiir. C/icM. /mi., 1913, 32, 8:6. 

- /. -Vor. /m/., 1916, 86, 528. 

■' /. Sm\ Citem. Ind. (Abstri), 1916, 36, 176. 

* /. Soc 7 Chtm. Ind. I^AbsIr.), 1916, 86, 829. 

• • 
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with a blasting jet, pjoduced*by heated jjigfi-pressure gas. The 
sludge acid thus treated at once separates pure sulphuric 
‘acid and a granular feiiHue, whilst the volatile substances 
Escape together witfe the steam or gc^. • 

The Sprengstoff A. G.^'Carbonit'^(B. P. 11854 of 1913) 

« avoids the separation of solid substances in heating acid*tar, 
which obstruct the condcnsing-pipes, by passing the* gases and 
vapours over a surface of water of dilute nitric acid, whereby 
the organic substances are solidifi^d'and deposited at the bottom 
of the water-vessel, whilst the water is gradually saturated* 
with nitric acid. _ ' 


C. L. Robin.son (U.S. P. 1014520, assigned to the Standard 
Oil Co<) heats the acid sludge in a still to above 500° F. (260° C.), 
whereby it is decomposed and a mixture of‘SO.> and hydrocarbon 
vapours is given off. This ij passed through a condenser, 
where,.the less volatile hydrocarbons arc separated, and the 
gaseous portion is then pa.s.scd through a sulphur burner and 
forward to a sulphuric acid plant. * , 


Van Tiencn ' (B. P. 23368 of 1910) adds water ftnd heats 
the mixture to 140 to 165“ under prcs.sur(?-of 7 atm., for a quarter 
to Jwo hours, according to the nature of the tar. Ahc product 
separates into three laycr.s, consisting of oil, H.,SO^, and tarry 
residues, which can be separated readily. The* water added 
must be suflficient to dilute the remaining acid to a Hen^ty 
of not more than 112 to ii3°Tw. 


Hausman ^ states that the acids recovered in the refining 
of mineral oil contain about 2 per cent, of .sulphonic acids. 

Blowski‘ (U.S. P. 1186373 of '91C) dilutes with water, to 
separate out the tarry matter, and distils rapidly to minimi.se 
reduction of the' sulphuric acid organic matter. 

••Slater ^U.S. P. 1263950 of 23r\April 1918) concentrates the 
sludge acid from mineral oil rifining hi'diluting the sludge with 
weak acid, scpaiatinp off, and caiVsi^ it to flow against a 
counter-current^ of heated air which has\cen blown through a 
body of previously concentrate acid, in oVler to concentrate it 

' J. Hoc. Cheht Ind. {Abstr.), 1913, 82 , 113a ^ 

’ J. Soc. Chem. Ind., 1911, 80 , 409. , 

* Petrol. Kev., 1911, 62 , 301; J. Soc. Chem. Iml {Abstr.), 1911, 80 , } 149. 

^ /.Soc. Chem. Ind. (Abstr.),'igiO, 86, 839.'’ ' ' 

‘ '/. Soc. Chem. Ind. (Abstr.), 1918, p. 363. '■ 
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further and to oxidise impurities thereia. The air is finally 
scrubbed with w^ter to furnish the dilute acid for the initial 
treatment of the sludge. ^ * 

Grayson ‘ (B. P. 132^7 of 3i.st Octobc* 1918) heats the .acifl 
recovered from the refining of hyd^ertrbon oils, with 5 to 10 per 
cent, pitch from coal-tar or producer gac at 170 to 240’ C. 

Turner and David.son-i(B. P. 131512 of 1st November 1918) 
describe a similar process. • 

About 90 per cent, of tlfe^snlphur in the waste acids from 
lubricating oil refining may be recovered in the form of snlpluir 
'dioxide, b)t. beating the waste acid; a lower temperature is 
required for the decomposition, less pitch is formed, and the 
.sulphur dioxide contains less sulphur trioxidc when tlw vfa.ste 
acid from the lubricating oil refining is mixed before heating, 
with wa.ste from pct^jolcum (bupiing) oil refining-' 

Purity of Acid recovered irom Tar-Sludge 

* Schult/. * de.scribcs a refining test for a.sccrtaining the 
suitability of a sample of sulphuric acid for refining crude 
petrolcuiri. ,An addition of 1 c.c of the acid is made to 100 g. 
of well-refined petroleum oil in a 150 c.c. (lask, which is llten# 
closed and s'^aken vigorously for fifteen minutes. ■/ After 
sla.ivJ'”." for an hour, the oil is decanted into another llask, 
shaken with about 2 g. of dry calcium hydroxide, and filtered, 
and the filtrate compared colorimetrically with the .same oil 
before treatment. The difference in colour may be expressed 
numerically, by matching it with 98 to 99 c.c. of water, into 
which a 01 per cent, .solution of pota.ssium chromate is 
introduced drop by drop. Froip 0 3 to 2-5 c.c. (equal to 0 0003 
to 0 0025 per cent. K.XlrO,^' are required usually. Of the 
usual impurities in commercial sulphuric acid, nitrogen oxides, 
and selcnious acid havm a ^tronjj di.scolouriiif^ iiiTlucnce upon 
petroleum oil; but no sxzh effect could be observed with .sodium 
sulphate, ammonium .^Iphatc, leatl sulphate, arsenic pentoxide, 
(o- 1 per cegt^ and hydrochloric acid ; whilst the induence of ferric 

‘ J. Soc. Cheut^Ind. (Ais/r.'f, ^^19, p. 817. 

* J. Soc. CheiK. Ind. {.ids/r.), 1919, p. 764. , 

® f^lbe, Petrol. Rev., 1919, 14 , 837-8^7 ; Chem. /.entr., 1919; [IV|, 90 , 
• 9 ^ ; J- ■S'er. Chem. Ind. [Ahstr.], 1920, p. 43^. , _ 

* Chem. Rev. Fet^-Ind., 1^13, 90 , 82-84 I /• Soc. Chem. Ind., 1913, p. 409. 
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sulphate was doubtful. Thu discoloration'caused by nitrogen 
oxides is due to partial nitration whilst (h/i selenious oxide 
' effects oxidation. Comnfercial ^ulphuric acid, which had caused 
discoloration in the refinery, was found to contain from 0 02 to 
004 per cent, of oxide,'! ^f nitrogen.* In the case of acid 
' co'ntaining' selenium, tha yellow di.scoloration of the petrokum 
oil increa.sc,s with the quantity of acid u.scd for the refining, but 
when an acid contains only*slight,traces of oxides of nitrogen, 
the colour of the petroleum oil lya^ he improved by increasing 
the proportion of acid, or by using acid of higher concentration.* 

Selenium is determined by stirring 10 g. of tiu: acid with' 
90 c.c. of water, and filtering the .separated lead sulphate from 
the l-o^lcd mixture. The filtrate is then treated with 10 c.c. of 
strong hydrochloric .acid and 6 g. of .sodiinfl sulphate, and heated 
for a few hours on a watcr-batlp The .seleiiium, which .separates 
qRU.ntjJjiUvcly as a red precipitate, is collected in a Gooch 
crucible, w.ashed with w.iter, and dried at 105'C. ami w'cighed. 

Nitrous acid is detected best by Ilosvay’s reagent, which is 
prepared by dis.solving o-l g. of ((-naphthylainine in *100 c.c. of 
boiling water; adding 5 c.c. of glacial .ad'tic acid and a .solution 
of^l g. of sulph.anilic acid in too c.c. of water, together with a 
little zinc dust, shaking the mixture, and filtering it rapidly 
into a flask, which is kept well clo.sed. 

For colorimetric determinations, 2 g. of sodiunf" nlTfke 
(about 90 per cent. NaNO^) are di.s.solved ii\ too c.c. of w'ater. 
and I c.c. of the solution added to 99 g. of pure sulphuric acid. 
The acid will contain then o-oi per cent, of N.jO.,, and will keep 
unch.anged for a long time. The comparison is made by 
adding 5 g. of .solid .sodium acetate to each of two portions of 
40 c.c. of water, then l c.c. of thK reagent, and i c.c. of the acid 
ufitler cxj|,(nin;ition to the first (iKsk, and I c.c. of the standard 
acid to the s^ccond flask. The contents must be kept at the 
same temperature, and the colouraViolys compared after thirty 
minutes. ^ ^ \ 

V Description of a Siudge-Acid Recovery f lunt. , 

Hcchenbleikncr and the Chc^nical Coftstruction Co., 

. Charlotte, N.C (U.S. Ps. 1195075, 1264509,‘and 1264182),' 
describe an apparatus for'tlte purpose of concentrating kludge 
' A Soc, Chenu ind. p. ^14. 
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acid to at least *168* Tjv., and at the same time separating the 
sludge from the acid.i This is accomplished in two stages. 
The first stage of concentration carried ^lie acid to from i30°Tw; 
to 145'’T\v*. 'At this Strength and at ^hc proper rcgulat#d 
temperature, the princl^xd sludge Sei'aration takes place. The 
second stage of concentration carries the acid to 168 Tw. 

Firct ^!nge.~Y\\c weak .sludge aciil, follofi'ing the dilution 
and separation of the original pixxkict, is elevated to a distrilait- 
ing tanl» located on the topfdThe preheating tower. Connected 
to this preheating tower is a flue constructed so as to accommodate 
a bath of a'^id. hintcring this due are numerous acid-proof pipes 
that extend several inches below the surface of the acid. Hot 
air is furnished through a main header and is di.stribntecl^hfough 
branch headers to die acid-|)roof iron pipe.s. ^The hot air is 
from 600 to 650", anjl is maintained at sufficient prc.ssure only 
to allow it to ooze through the acid at a pressure of .about 2»in. 
of water. The air entering this acid bubbles through it and^ 
/lrive.s off the water, leaving the stronger acid together with the 
.sludge, b'oth of which are drained off continnously. In the pre¬ 
heating tower this slfidge acid is preheated by the exit gases 
in order to'utilise as much of the heat as possible. The guises 
leave this tower at a low temperature. In some ca.scs a 
scrubiiing toifcr is erected for the puriiose of removing any 
organiiJ compound. This is often unncccs.sary, and depends 
somewhat on the local conditions and the nature of the sludge. 
The partly concentrated acid, together with .some sludge, is 
gradually drawn off through an outlet into coolers. From the 
coolers it enters large tamts provided fiir intermediate storage 
in which the principal .sejiaration of the sludge from the acid 
takes jilacc. The sludge is raked off into refuse carts or troughs 
as needed. No sulph ric acid at all is lo.st, and jjome of-thc 
hydrocarbons are driven off. Ample tank room is provided, as 
each day’s run is allo.-.'et,'* to stand a day o* two in order to 
accompli.sh full .separation. , ^ 

At the foot of ((the preheating tower a flue, as above 
r.ientionedt is pVovided with clean-out openings, in ordbr to 
clean out an/ sludge tlftiti .settles and docs not come out with 
the acid. A* steam or air jet is provided at the extt-flue in. 
ord<?r to create suction when‘the clean-out openings are 

uncovered. During the natural process of concentration'only 

• • 
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natural draught is provided. As above pneritioned, weak sludge 
acid is fed in this apparatus through distributing tank, and 
'is concentrated in this stage to from i30''Tw. to 145° Tw. 
"fhe strength of conqentration flepend^ somewhat ctn the tvpe 
and nature of the sludge,'iis the sci 5 aration takes place at 
'.slightly various strengths, .according to the kind of .sluclge 
used. ‘ * ' 

Second S/iigc.- The second stage apparatus is similar to 
the first. After the acid h.as bccn^aftowed to .stand in .sojiarating 
tanks a long enough period to accomplish satisfactory separation, • 
it is drawn off and elevated to a distributing tanl«locatcd on 
the top of a preheating tower. To this preheating tower is 
also touncctcd a flue, which is so constructed as to accommodate 
a bath of ,acid._ The .acid as it enters thef prcheatiiig tower is 
from ijO ’Tw. to 145“ Tw. T,iirthcr and,, final concentration 
talt«s yj.ace in this unit, which is almost identical to the first 
N.itage unit. Ordinarily the acid is concentrated to 168° Tw. 
but as high .as 95 per cent, h.as been .accomplished. The gascsi 
leave the preheating tower .at about 70' C., and of cofirse carry 
sulphuric acid fumes. For this reason* a .scrubbing tower is 
provided for the purpose of rcclaimuig the acid froili the fumes, 
'riie g.ases leave the preheating tower at the top and enter the 
scrubbing tow'cr .at the bottom. The scrubbing tower is packed 
with .spiral rings to provide intensified mixing and serffbbing; 
The ga.scs leave the tow'cr free from sulphuric .acid contents, 
and enter the atmo.spherc through .an exit stack. Clcan-out 
openings arc provided al.so in this unit, as in the first stage 
unit, together with coolers and strong acid intermediate 
storage. 

General. — rile c'onstruction of this apparatus consists 
prirtoipally^f le.ad-lincd wooden titnks and .acid-proof ma.sonry 
flues and procreating towers,' together with le,ad scrubbing 
towcr.s, le.ad-lincd»di.stributing tanks,‘•etc. The first stage and 
second stage unjts ar^ very similar in construction and consist 
principally of a brick-lined le.a^ basin, elevated off the ground 
on cbncretc foundations. At one end of this ba*n ajrricfc 
tower of sufficient size and height is Y>''0''i<lcd fSr preheating, 

, and, comiected to this tower, covering the balancd of the basin, 
is a brick flue, through whith the acid-proof hot-air supply 
pipes' ‘enter. Am,plc provisions are made for cleaning and 
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regulating the apparatt^ during operation. Hot air is provided, 
preferably by the, combustion of oil, which takes jilacc in a 
specially designed combustion furnatei under pressure. This 
funjace is 'fed with aii' aiui fuel oil sufficient for complelfe 
combustion, and also Vitl’ sufficiYnt surplus air for healing 
purpo.scs. . 

With Ihe abovc-ment»'ned process, hot ga.ses on entering 
the liquid below the liquid level,* give a sudden cooling, and 
in such»a manner as to^irevcnt dis.sociation taking place. 
■The concentration takes plac'J below the boiling-point of the 
acid. Thi.i, plant is .so constructed as to provide continuous 
operation. The fuel consumption is very economical, as 
practically the entire quantity of heat units are usci^iif the 
evaporation of the water. Very little .settlement takes place 
in the concentrating Hue, as the majority takes place in the 
settling tanks provided for the .separation. Strong aci(^ in4»>r- 
mediate storage, together wdth all tank,s, coolers, distributing 
tanks, pan.s, etc., are comstructed in such a manner as to provide 
for the .Settling of any sludge, and ijuick cleaning during 
operation. <' 

Hechcnbfcikner and Gilchrist and the Chemical ConstrucUon 
Co., of Charlotte, N.C.’ (U*S. P. 1310078 of I5lh July 1919), 
de.scribe a furttace for the fractional distillation of sliufge acid 
in' a ciJntinuous proce.s.s. 1 he lurnacc con.sists of an outer 
casing of acid-resisting masonry, provided with a grate and 
an ashpit. Through the top of this casing a c) linder of acid 
and heat-resi.sting material projects into the body of the 
furnace, dividing the lattef into tw'o zones, each of which has 
a separate gas outlet. The top of this cylinder is closed with 
a bell hopper, through which coal may bt> fed'as requirctl, and 
is provided with a lu mber -of drip-pipes for introducing .^e 
sludge acid. When coal is supplied to the furnace m sufficient 
quantity to maintain thp uj/jjer l9vel of the fmjl bed within the 
cylinder, as shown in the illustration (Fig. 1 ji), a high-temperature 
zone is obtained in tlji lower fuel*bed, and a lower temperature 
zone yith' riie cylinder. The aqueous and tarry constitifcnts 
of the sludge* acid distil .off during the passage of the acid 
through the loV-temperature zone, and pass to the tar condenser. 
The Sulphuric acid vapours liberarted in the high-temperature 
■ Cketf. andMet. Eng., Ijth August 1910 p. 211. 
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zone are collected irk a septrate condenser. <Each condenser 
is provided with an exhaust fan fori the,removal of waste 
•gases. , ‘' 

* liaskervillc * de.scfibes the utilisatKm of asphaltfc base acid 
sludge obtained in the tefl'iiing of petroleum and shale oils. 
'•The acid sludge is heated by means of live .steam, with «on- 
eentrated .sulphrtric acid to .separate any refinable o'll retained 
by the pasty mass. Thrcoi layers, form. The oil separating 
out on top of the mixture is drawn'off, and the excess culphuric 
acid accumulates at the bottomf The mid<llc portion, which- 



has not been heated high enough and long enough in contact 
with the strong sulphuric acid to become carbonised and have 
its asphaltic nature destroyed (as ii usually done), is a pasty 
mass, quite liquid, at the temperature attained, and contains 
15 to 25 per cent, of sulphuric acid. It is drawn off and 
washed once with water, and the asphaltic mass is run at once 
into a suitably mill and thoroughly mixed with a slight excess of 
lime (U.S. 1 '. r234985 of July .tpi;).*,, The whole mass exhibits 
the properties assoefated with asphalt, Inodified, of course, by 
the calcium salt present, tt becomes, fluid when heated 
sufficiently, and may be applied to metar, m&sonrj^ 'wood, etc. 
The asphaltic* or bitumcnic matcriaj present maj^ be extracted 
. readily .by solvents generally used for dissolving thdse substances. 

> J. Ind. Eng. Ckem., 192^; (* 30 ; See. Chem. Ind: (Aistr.)'^ 1926, 
p. lS2.‘ 
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The VitreosU Plhn^ for the necoverjT of Sludge Aold. 

“ Vitrcosil ” lave been a(|o])ted for the recovery of 

sludfjc acid from mineral oil ^efiniii^^ but the .shaj)c of the* 
basins has been modifitd'*lo^countcract Ihoteiidency to frothin* 
of the acid, as shown in Fig. 133. * ‘ 

The sludge is diluted in lead tank's to about 64 Tw., and ' 
then heated by means of lead steam coils rttted in.side the 
tanks, until the acid has beeji eva|)ofatcd 
to about# 77" Tw. At this point a con¬ 
siderable amount of the tar separates 
out, and is rjeimmed off 'I'he remaining 
acid is then run into underheat lead 
pan.s, and concentrated to 138^ Tw. 

Tar contii'ues to .Separate in these 

pans, and is skirnngjd off as jt ri.ses. 

The acid is now of a dark cokmr, Init is free from (fcir. ^It 

is run directly into the “vitrcosil" basin plant, and is conV 

sentrated to 168“ Tw. h'or the recovery of 5 tons of 168 Tw'. 
acid per day of twenty-four hours, two steaming |)ans are 
required, each 5 ft. bj- 5 ft. by 3 ft. 6 in. The.se pans are 
worked in sA-ics, ,so that tli^' process is continuou.s. The |)ims, 
arc made of lo-lb. lead, and arc fairly durable. The, under¬ 
fired lead pans* are, made of 12-lb. and 14-lb. lead, the heaviest 
{/an befng nearest the furnace. F'or the amount of acid 

mentioned above, two [jans arc necessary, each 8 ft. by 4 ft. 
by 9 in. Considerable fuel is saved by mounting these {rans 
directly after the basin plant, and heating them with the waste 
gases from the concentrator. 

Other patents for this object arc: Zdaska (Ger. 1 ’. a{)pl. Z, 
8310); T. and F. M. Murphy (U..S. 1 ’.' 10948G1); Kiitzer. 
(H. F. 27977 of 1913). • 

Recovery of Waste .^id f(om Benzol S^aUufacture. 

The recovery of waste acid from the ijianufacture of benzol 
has also been de.scriteci. ' 

c Gassci’U(Ger*P. 272130) {jurifics the waste acid froin* the 
manufacture erf benzol 8y. forcing through it finely divided 
hot air. I'oi* this purpose the air jjrcviously employed for . 
osolmg the coke-oven brickwork may be employed, after being 
finely divided. By this process the impurities collect’ 'into 
• J. Soc. ditm. Ind, {Abstr.), 1914, 88, 587. 
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lumps, and may be 'scummfcd off from, the surface. The air 
is preferably first dried by quicklime'; the .calcium hydrate 
‘ formed can be employed for the recovery ol the by-products 
fa the manufacture s)f ammonia. ^ - , 

The I’ha'nix A. G., Gtl.senkirchcn'‘ (Ger. Ps. 289162 and 
289524) mix the waste acid from the benzol manufacture with 
ammonia water^-and with benzol wa.sh-oil, tar-oil, 6r coal-tar, 
in order to obtain a concentrated .solution of ammonium sulphate 
and an acid-free tar product by oVe operation. Or they add 
ammonia water, containing soine chloride, to the mixture, of* 
waste acid and tar-oil, and pass steam through the mixture. 
Owing to the reactions which occur, the temperature rises 
considerably, and the benzene and its homologues and hydro¬ 
chloric acid arc distilled off and collected. 

Stcphen.son - ( 11 . P. 152054 of 2nd May 1919) heats the acid 
sluelge^oroduccd in the purification of benzol in a wide shallow 
'Xoan, by steam introduced through a |)erforatcd lead pipe at 
the bottom of the pan. . 

Brooke “ (B. P. 120951 of 18th November 1917) concentrates 
the waste acid liquors from the manufactule of cxplo.sivcs, such as 
^ picric acid, etc., in a .series of earthenware or vitreefus enamelled 
vessels, which are heated by steam circulating through coils or the 
jacketed walls of the vessels, or both. The concentrated acid ■ 
overflows through a pipe into the next ve.s.scl or into a Bough.' 

Briti.sh Dyes, Ltd., J. Turner, and IT. DeaiT* (B. P. 127039) 
treat the acid liquors from the manufacture of explosives, such 
as picric acid, etc., with scrap iron or iron filing.s, until neutralisa¬ 
tion and reduction are practically complete. 

Recovery of Waste Acids from the Manufacture 
•i of Rzplosives and Nitration Processes. 

{Nilroafiulose, Nilroglycerine, T.N.T., Picric Acid, etc.) 

The spent aCids .from the varidus nitration processes are 
subjected to a^ denitration pq^cess (see Vol. VI.), which varies 
witl\,the nature of the material from the hanufacturp of which 
they result, .but consists essentially, in the removal of tfee 
nitrogen acids leaving a sulphuric acid of suitably composition 

* J. Soc, Chtm. Ind. (Aistri), 1916, 86, 422. 

J. Soc. Chem. Ind. (AbstriJ, 1920, p. 777. 

’ /.Soc. Chem. Ind: (Ais/r.), 1919, p. 92. 

* J. Soc. Chem. lndi \Abstr.), 1919, p. 555. 
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for concentration? In the case of Scids frflm the manufacture 
of nitroglycerine^iWid T.N.J’., the sulphuric acid from the 
denitrators contains from 68.Ip 70 pet cent. H.jSO,, and is^ 
run direct td the conceijtfafjng plant._ • 

Hartmann' concentrates waste a?id from nitrating processes 
up to 147° Tw. (sp. gr. 1732) in six lead pans. The acid, a^ 
a temperature of 145 ’ or *150°, then pa.sscs tfirough a .small 
“preliminary” cast-iron pan^rrovidftd with a leaden hootl and 
a chimney for carrying away t^ic vapours, wliich contain very 
1 /ttlg acid. Now 180° hot, and of sp. gr. 1 785 to 1 796, it runs 
%to two casitiron pans with c;ist-iron covers, one placed higher 
than the other, and runs away at a strength of 97 to 98 [ler cent. 
H2SO4. Each of the latter has its own fire, as well ^ the 
" preliminary,” pan, th<? waste heat of all heating Uic lead pans. 
For the production ofigl to 6 tons of strong acid in twenty-four 
hours, the preliminary pan weighs about 24 cwt., th* t\fl) 
covered pans with ap|)urtenaiice.s, about 7! tons. The con- 
sismption of coal is 20 per cent. The small pan lasts three 
or four months; the upper one of the large pans six to nine 
months; the lower one*twelve months or more. The castings 
should be inaTlc of hard mcljl and without flaws, and the two 
large pans must be entirely surrounded by the fire. , 

• Kcnker has'applied his porcelain apparatus also to the 
recovery^)f wa.stc acids. In the ca.se of acid-tar from refining 
petroleum there is a Io.ss of about 40 per cent.; the acid is 
coloured black, owing to the formation of graphite, but 
furnishes water-white petr(jjcum. The recovered acids from 
nitroglycerine or nitrocellulose are yellowish, but perlectly 
fit for being u.sed over again. 

The recovery of spent acid from the m.a'iiufacturc of picric 
acid is carried out in rwo .stages: (1) the residu*L acid Is 
concentrated in a ca.scade plant to 127 to l35"TVt., and then 
allowed to cool, when the ^issolrfed picric, acid .sc|)aratc.s out 
and is removed; (2) the remainijig sulphuric acid is then 
concentrated to the rgquired strength for use in the nitradon 
process., the preliminary concentration, the mos| economical 
method is in leSd pans, w'th an area of 20 to 25 .sq. ft. per 
ton of 130° Tw.*acid produced per twenty-four hours (asshming 
thfrfe 2 d acid Is about 70° Tw., and that the pans are worked 
' clreiit. Zeit, l8^, p. 147. 




Fig. 
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continuously witli about 9 in. of acid in»the pans). The acid 
is cooled slightV,,and.then run in|o lead-lined or stoneware 
settling-tanks, to^leposit the cr^'stals of gicric acid. The residual 
aci(J from Vhich the ^)i«ric acid has be<n ciystalliscd out Ts 
then concentrated to the required Strength for u.se again in the 
nitration process. • 

The u’aste acid from’the manufacture or T.N.T.' etc, is 
concentrated frequently in ri threw-stage cascade plant, similar 
to that alcscribed on p. 133. An iron fini.shing-pan helps to 
•d^oir.posc completely the nitro bodies present in the waste 
acid, and iirnishes a high-strength acid, which can be used 
over again in the nitration processes. 

In some plants, instead of denitration by means aS»sfcam 
in a denigrating ctMurnn, the hot vapours from the iron 
finishing-pot are dri^vn througlj a recuperator tower fed with 
wa.ste acid.s. In this way the denitration of the wajje ncid 
is effected without much dilution, and hot vapours from th^ 
iron pot arc condcn.sed partially in the feed acid for the ca.scadc. 
This plan suffers from the di.sadvantagc that it renders it 
impossible to control "the working of the plant by means of 
the strcngth'vif the distillateJrom the iron pot (.see p. 135). , ^ 

The condensers/or cascade concentrators working ^on this 
•cla.ss of wa.ste“ acids are jiacked with an open packing, and 
i:<brked»hot to prevent blockage from the decomposition of 
dinitro and trinitro bodic.s. Earthenware towers, jiacked 
with ring.s, give sati.sfactory results for this purpose, and a 
steam injector at the condenser inidt not ordy assists the 
draught but also helps to\eep the condensers hot. 

In a private communication to the author, Messrs J. E. 
Carmichael & Co., Etd., Tower Building, ‘Eiverpool, give 


particulars of the ca.scaue plants erected for the cmia ntration 
of waste sulphuric acid from nitration proces.scs at Me.s.srs 
British Dyes, I.td., Hqddqy.sfiekk « 

Figs. 134 and 135 .sliow the general arrangement and detail 
of the plant, which consists of two batteries of five cascades 
each. „The* wasfe acid, after ^ .settlement, is delivered *into 
supply-tanks (Sn the grdhiid floor, whence it is elevated to 
the large feefl-tanks on the upper platform. F'rom •here it < 
ftew^by gravitation into*the thr& preheating lead pans, and 
thence into the^ main concentrating chamber, consisting of 
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twenty-four stepped* basint fitted wjth special deflectors 
(see p. 129). The concentrated acid ijs rc9eiyed into coolers 
' at the foot of the casca^Ji, from which it flow?; into the strong- 
dtid storage-tanks. Jiach ca.sca'dc ppoduces 5 tons of 95 ^per 
cent, sulphuric acid per thaily-fouf hotlrs, when fed with acid 
ofSo'Tw. from the marKifacturc of picric acid, or nitro, dinitro, 
tTinitro, benzene, or toluene. ■ ■■ 

The fuel used at first was coal or coke in an ordinary fire 
grate, but the system has since been converted into ga.Si firing. 

The condensation of the acid vapours is effected in foyr» 
stoneware .scrubbers, 3 ft. diameter and 9 ft. high, packed with ' 
acid-resisting earthenware ring.s. The acid vapours pass through 



the condensers in series; and the first two condensers are 
lead-covered, on account of the heat. I'rom the scrubbers, 
the gases pass through a final wash-scrubber, and then into 
the chimney flue. The dilute acid conden.sed in the scrubbers 
is collected and returned to the lead preheating pans. 

• According to information .supiiHed privately to the author, the 
following results were obtained on a typical three-stage cascade 
plant, consistinpi. of preheater.?, basins,, and an iron rectifying 
pot, in series, \yith tar-firing working on 'I'.N.T. waste acids. 

Prehenters .—The preheater consists of^pans, 35 in. by 35 in. 
by *9 in., built of 12-lb. Icad,^ with an acid depfcH of about 
6J in. Ten pans are connected in' series, arid each pan is 
stififenevl on three sides with iron, and has a bfoad overhang¬ 
ing lip communicating wi'th*'the nest lower vc.ssel. The tssn 
lowek pans are .placed on solid cast-iron seatings. The feed 
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Basir Lossef during a period of 37 weeks. 


Unit A. 


Unit B. . Unit C. 


Basin Na 
2a 

1 


-A 

1_ 

1 . 


— tr - 

« 

I 

I 

• 

21 

i 




« 



20 

1 


4 


i 


I 

>9 





i 



18 

1 







17 

i 

1 





1 


16 





2 


1 

15 






1 I 

2 

14 




I 

1 

1 ^ 


13 




I 

9 

7 

5 

12 


I 


5 

7 

'3 

4 

i( 

I 

I 


8 

9 

13 

8 

10 

3 

5 


21 

n ' 

23 

If. 

0 

8 

7 


'J 

17 i 

■' 

12 

8 


1 

< 

10 

11 ; 

16 

9 

7 

I 



•1 

I 

9 

5 

6 




5 


U 

] 

5 


1 



5 

5 

J 

4 

■J ' i 

! 

I 

• -- 


• 

^ i 

'.! ‘ I 

i 

I 

2 1: 

1 

2 

2 1 

t 

;i 

L 

1 

I 

j; 



I# I 


I 


• 




()|jcn £C;Ui^r)^( |d~22) 


Solid and scnil-solid 
scalings (4-9 




Oj-xjH sealings (1-3) 


To recti6ers« 


T<f rectifiers. 
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acid (64 to 66 per cent. H^SOJ enters flie jplant from the 
denitrators at a temperati^re of 70 to; 90° ,C, and leaves the 
'preheaters at a tcmpcrfthre of 159 to 160° ( 5 . and a strength 
of 70 to 76 per ccnf. H.2SO4. "I'Ke Hfe of the upper pans is 
reduced by the presence'of nitrogen acids in the feed acid; 
'but the lower pans receive the greatest wear and tear.rflue 
to” excessive hcht. Cast-iron pans ‘were tried in t'he lowest 
positions, but were attackedi rapidly. 

Basins. —'I'herc are two parallel rows of twenty-two* double¬ 
lipped narki basins, of approximately 2-gall, capacity. Althoup.b.* 
unaffected chemically by the acid, they crack frQ.]Ucntly,* as ' 
shown in the table on jrage 309. 

31 i»J;*e acid is deposited from position 12 downwards, and 
the basins are cleaned out at least t)nce in twenty-four 
hours. The acid leaves the jpasins and, enters the rectifier 
at K str^-pgth of 90 to 91 per cent. n.,SO,,. 

y Rectifiers .—The cast-iron rectifiers are of standard design, 
and are worked with a depth of 0 in. of acid. The* acid is 
heated to a temperature of 280 to 300" C., and leaves at a 
strength of 93 to 94 per cent. 1 CSO,. * 

.The pans arc sludged out at,lea.st twice p«T week, but 
holed frcaiuently at the sides and ends above the level of the 
sludge deposits. One pan was very thin at 'die acid level,^ 
but, in other cases, pitting had occurred below this lifvel, due 
probably to lack of homogeneity in structure. 

The plant is fired with tar fuel (consisting of 60 per cent, 
pitch and 40 per cent, creosote oil) in a wrought-iron burner (tar 
aperture to in., surroundeef' by a steam jet); and a 
temperature of 1100 to 1200" C. is obtained in the combu.stion 
chamber. The average weekly output per unit is about 50 
torts of Qi.ncr cent. HjSO,, with -a fuel consumption of o-i6 to 
0-2 ton of tx'r per ton of concentrated acid. The output is 
lower with gas-fifing, and an averag^fue) figure is about 0-25 ton 
per ton of finished ac'jd, to which must be added the steam used 
in the producer—say, 10 per cent, making 0-275 ton all. 

The following figures on tl}e concentratidn of »wa.stc acids 
from the manufacture of T.N.T. aiKUnltrocellulo.sl; are abstracted 
from thtt Report on the Statistical Work of the Factories Branch 
of the Department^f Explosives Supply, Ministry'-of MunltiotK 
(pp. 129 and 145 V— 
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H.M. Factory, Queen’s Fekk'-’. 
Monthly Rejwrt. • 


Monili cnditig; 6 A.M., 29lh Decejnber 1917. 

» ' N.Ot CASCADitg. 

Sulphuric Aclii Concentrator^ {K.Cl). 


Units WorkiiiL^s 2-7. 


CUAKOKl). 

1 

lI.K'a ►j. 

4'J‘oiis 

I'UOI»lU'Kl>. 

'I'VII.H. 

Tt r <’rht. 

TdUfl 

Tom 

Sulphuric acid 

N2-.( 1 

1 

Ui-o 

.%5 

Sul|‘lniric acid . 
('troiij^O 

I^O-I 

S.j .()5 

125 -^> 

102-6 

• 

► ♦ 

I'y d- 

Coal used . 




Stdplinric acid . 
(weak) 

Ttiial . 






l.osT. 


. • 

Sidjdiuric aci<l — 

'lolal ll;.S(,), ciiargcd It 
foial n.jS(>, recovered 

lihiiil . 

'J'llIJH. 

143-0 

1250 

11 (*5 
l02-() 

t*. 

Aiiunint lo;.l 

Per cent, lost, l2-.i jici <eiit. 

17.4 

' 3-9 


I’hysical mui Working Data. 




T-in. 

Ti‘in|n’ritl.ur'i 

V. 

l'<T C'-llt. 
of H.jStJ,,. 

Dmiight. 

Acid char^^ed i)cr lurit. 

Acid concetilralcd per uuil . 

Acid from scrublx-as .... 
Gases to scrul)beis .... 
Gases from scrul)t>cr.s.... 

5 -') 

S-S'J 

• 

40 

20 

15 

* .^3 

57 

23 

'> 7-33 

30-5 

J-I 

1-35 



(iraiiis 

Jir-r .’llli. ft. 

V.-loclty ft. 
j)«T ScnPihi’i' 
at KCC. 

Tolls 
jM-r Unit 
1'"*! Il'» r«' 

'r<)lul 

).i3r 24 liount. 

Scrubber exit gases. 

Stock exit gases . . . * . 

* 0-575 

0-9 



•‘t 


A 


• 


Coal ifscd per 11 . 50 /produced. 

Coal used pti” ton cT concentrated acid produced (IIjjSOj, 89-65 jrer cenl^ 

Water evai^ralcd jtcr ujHi per 24 hours % . 

Total water evaporale<!*[>cr 24 hours.- 

, 0-285 • 

1-7 

3-5 

1 

___ 

.. 




Remarks—P lant shut <lc?wn 17th December, rest rujcl I9lh December. 

Plant shat down 23rd December, restarted 28lh Dcccmbcit* 
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H.M. Factory, Queen’s Ferry. ^ 

Monthly Report. ^ Month eri'ding 6 A.'k., 29th December 1917. 

T.N.T. CASJCi.DRS. 

, Sulphiiric Acid Concentrators. 

Working, 3*4. 


CbASOEI). 

Ttm.H. 

I’lT Cfllt. 
HaSOj. 

Tons 

Tom 

SO..,. 

IVjDUCRU. 

Tons. 

Pftt CftUt. 

Tons 

11 ^ 4 - 

Tons 

SO,. 

Sulphuric acid 

Coal used 

462-0 

67-5 

66-49 

307-2 

250-6 

Sulphuric arid. 
(strong) 

301-0 

89-20 

26^^ 

2 ft- 9 ' 

• 

Lost. 


^ Sulnlmric acid— 

Rital II2SO4 charged to plant 
Total IljiSOj recovered 

Amount Lost 

Per cent, lost, I2-59 per cent. 


Tons. 

307-2 

26S.5 

' 387 


Tons 

250-6 

2 i8 .;> 

3 I '7 


Physical and Worhiny; Data. 


Acid charged per unit 
Acid concentrated per unit 


9-05 

5-9 


I’cT 

illiSO,. 


66-49 

89-20 


Coal used per ton of HgSO* produi c<l - 
Water evaporated per unit per 24 hour.s 
Total water evaporated per 24 hours 


0-251 ton-s. 
2-3 

7't H 


Remarks.— Plant shut down 1st IV2cembe^ lo ^.M., restarted 5 P.M. 

Plafjt shi»t down I 2 th December, leJiarted 14th December. 
Riant shut down i7tlj|;*Dcceraber for four hours. 

Plant shut down 20lh December to 29j,h December. ^ 


According to the Second Reporf on Costs an,d Efficiencies 
for H.M. Factories issued b;^ the Department of Explo^vg^ 
Supply, Ministry yA Munitions (p^. 59-60), the averase 
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efficiency of the^ Kessler plants at»H.M. factory, Pemfcrey, was 
as follov's:— * * 

(a) T.N.T. WasfeAeids - 

Effic-ency October December 1017.(13 \ffeeks) . 9i'3 per cent. 

„ January to June 1918 (20 weeks) . . 951 


{b) Nitt^glycerine and Nitrtcellulose WasU Acids • 

Efficiency July to Decem^r 1917 ^26 weeks) 

„ January to June 191S {26 weeks) 


93-2 pel- cent. 
O3'0 


Recovery of Waste Acid from Metal Works. 

Methods for the recovery of .sulphuric acid from th^jya.ste ' 
acids produced in the treatment of metals liavc been dftcribed. 

Pughsloy (II. P. 1538 of 1864) recovers sul|)Jiuric acid from 
the refuse “pickle’’•of tin-pkfte works, by evaporating,the 
.solution and separating the ciystals of ferrous stdphaR;. The 
mother •liquor can be used again as a pickle after furthe? 
concentration. 

Madge ( 15 . P. 32i7,of 1867) proceeds in a similar manner. 

Lavcndei\ Richards, and Williams (B. P, 3182 of 1878) filter, 
evaporate down, and allow*'to crystalli.se. The crystals*arc * 
heated in fireclay retorts, and the acid vapours led* into a 
chamber plant. 

Parker and Robin.son (B. P. 10554 of 1889) evaporate the 
solution to a specific gravity of 1-4 to 1-5 in contact with iron, 
and add strong sulphuric acid, whiclj precijjitatcs anhydrous 
ferrous sulphate, which is tion rlistillerl. 

Parker (B. P. 9632 of 1889) proposes to regenerate the acid 
by electrolysis, and deposit the iron on the catlu)dc. 

Anderson' (B. P. 3505 of 1913) mixes the waste acid \yith 
an cxce.ss of milk of lime, agitatesifor two or three ftjur.s, allows 
the precipitate (consisting pf ferrous hydrate, calcium sulphate, 
and a little calcium hytlr.afc) to settle down, afid pumps it into 
filter presses. The cakes remainiiig in thdse are'cxpo.sed to the 
air for a, few day.«^ until the ferrous hydrate has chagged 
compl 5 tely*nto ferric hycjyatc, which is used for the purification 
of gas, or fori^e preparation of gypsum, according to whether 
fi*rrij hydroxjde or calcium sulpht^Je prevails. 

' /. Sgc. Chem. Inc^, 1914, 88, 3)^ 
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Howland Perry V®. P. 5830 of 1914) evaporate down the 
solution to a concentration of about 75 *per cent. H2SO4, when 
‘the di.ssolved iron separates out in the form of ferrous sulphate. 

' Natho (Gcr. P. 2(^2466) treats'wlphuric acid contaminated 
by inorganic .salts without fcvi iporatio'n wiVh equivalent quantities 
mf calcium Carbonate and .sand, made into a paste, with addition 
IffTa little water in an autoclave to OiiO to 800°; pure' sulphuric 
acid or sulphur trio,\ide distil off, and calcium silicate remains 
behind. * 

' /. SW. Chem. hui. (Akir), 1915, 34,423. 



COSTS AND EFFiy'M'.NCTKS 

One of tRe most interesting rlcvclopmcnts ii. recent years*f? 
the increased attention given to the* preparation of accurate cost 
account^ 

The graphical system of Representation instituted by Mr 
' K. Ouin^i, and published in the First and Second Reports 
* on “Costs and I'iiificiencies,” for H.M. Factories controlled by 
Factories BTanch, Department of h'-xplosivcs, is a striki^gjobject 
lesson of the valuabk' results which can be achieved in this 
respect, lliese statistics were compiled from*two points of 
view: (i) the plant or technicaf a.spect, and (2) the “costmg” 
aspect. In connection with the first, cxtremel)- detaileefrecords 
^if plant working were prepared, from which weekly and monthly 
summaries of efficiencies were made. .Side by side with the 
technical records di'tailed accounting work was carried on, and 
it was found,tliat the transition of weights and (piantitit^ of 
losses into terms tjf money values proved of the greatest 
Sa.s.si.stance in .stimulating efforts towards reaching thenighest 
^./ossible.cfficiency of working. 

The following information has been abstracted from the .section 
of the reports dealing with the concentration of sulphuric acid. 

In order to .show the costs of concwitration on a fair com¬ 
parative basi.s, costs w’cre* reckoned *per ton of 100 per cent, 
sulphuric acid delivered, and the amounts of H.^SO, lost per ton of 
HjSO^ delivered were charged uniformly at £,7 f)cr ton of I k^.SOj. 

The co.st of conccnMatioi; is made up of: (i) r^w materials 
used, i.e., loss of acid, which depends entirely on»thc efficiency 
of working; (2) service (Aarges, which include the following 
items—(rt) process wa^cs; (/;) fuel, w'atcr* power, etc.; (c) plant 
general expenses; (rfj maintcnarfce of plant ami buildings; (e) 
op cost, a*jiroportioi#of the general factory cxpen.ses allotted 
on the basis of wage.s. • , • 

A copy ofthe details of the .service charges for June^igiS, at 
Factory, Gretna, is jriven beJow.' ^ 

' Report on the Statistical Work •f the FactoriSis Branch, p. i59r 
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COSi;^ AND gFFrciENCIES 

H.M. Factory, tiRETNA. Four^Aieel^ ending 29th June 1918. 

CONCENTRATION P^ANT COGT. 

Servke Charg(% Sheet. 



« 4 h 

Quantity. 

•1 

Ratft. 

Amount. 


■■ * - 

DeU.!. 

ToUI. 


Process Wages 



£ s. tl. 

£ s. d. 

t 

(<?) Salaries of plant officers . 
f^) Operative wages 
m Overtime allowances. 

(a) Yard and trafiic 



107 2 3 

317 2 5 
30 f> 7 

42II 7 

» . 

0 

497 3 10 

• 

1 

Main'tLja-'ce of Plant anii 
Process noii.oiNOS:— 





(</) Materials .... 
(( 5 ) Wages .... 
(c) (.)nc. St (sliops and salaries) 



125 10 2 
412 12 II 
236 if) 10 

774 19 II 

9 


Fuet, Water, Power, etc. 





{(i) Direct fuel, coal 
,, coke 

„ gas, as coal 

„ oil . 

(<^) Water and water power 

{( ) Itleclric power anil light . 
(f/) Coin[iressed air 

878-59 tons 

« 

11,580,148 gls. 

30,094 units 

1-886(1. 

}>. 1000 
0.551(1. ]>.n. 

I. 7 .VJ 4 10 

C)I 0 I 

69 2 8 
50 12 I 

i 

1,949 19 8 







Plant General Expenses : - 






(ir) Plant stores 
(/^) Clothing .... 
(<:) Shift honsc and mess rooms 
(«/) Steam for compound 



() 19 0 
37 f 5 4 
13 « 8 
. 122 4 0 

180 7 0 


Oncost (factory general exjxmses) 



340 13 0 








Adjustment fop - 






Scrap fx Plant 



.V .y 6 

ijS 16 0 

iSy 4 6 






3,555 '7 II 


Factory Ch .rgfs— 

£ s. d. 

Normal.247 3 7 

Abnormal—township.^ 13 7 

Abnormal—transport of workers . . . 23 15 10 

£i-,o :3 o 
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Process W<ftge8. 

Under this heading are shown th(ifollowing sub-headings:— 

(a) Plant oncers. —Sal*ief of all ^lant officers, including 
• efiemists an(^ eti^Inecrs \vl;ose »'hole time is spent 
on the plant. ' . , 

^b) Operative rw^tx-iVVagcs of lT)rcincn and all pruc<is.'i, 
workers. 

(c) Overtime atlownnca ^—The excess wages earned by 
• overtime rates, overhand above the ordinary rates, 
the overtime wages at ordinary rates being shown 
a? “ operative wagc.s.” 

. (d) Ya^d and traffic .—The labour cost of handling^raw 
materials and products into and out of tha^pTant. 

• • 

Malntenance»of Plant ^nd Process Buildings. 

Under this heading are given all expen.ses, sub-divideePinto :— 

(a) 'Materials. 

(b) lt'ai.'es. 

(c) Oncost (.shopsaand .salarie.s).. ’I'his item includes cost 

of tepairs—shop.s,^'daries u( maintenance engin(^;r.s, 
foremen, t/adesmen, etc. 

Fuel, Water, Power. 

Under this heading are .shown all fuel and other .sources of 
power, grouped, as follows 

(a) Process fuel. —The^ciuantities, and sterling amounts of 

direct fuel consumed, .separate headings being .shown 
for coaX coke, gas, and oil. 

(b) Water and water po-a'cr. 

(c) lilectric power and Hitdtt. 

(d) Compressed air. ^ 

Under each of the.fc .services is given'the pn^portion of ex¬ 
penditure on such .services |illocafbd to the concentration plant, 
inpluding'ftiginecrs’ .«ilarics, where these can be allocated dircttly. 
Expenditure, however, of « direct nature (such'as engineers’ 
sljop charges),*which, while not admitting of specific allocation, , 
generally to several.of the above headings, is apportioned 
between and included in the expojiditure unevr such heads?' 
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t . ^ • 

This is divided into :—u 

(a) Plant stores. (, 

(b) Clothing. <■ 

(c) Shift houses and miss rooms. 

• Oncost (General Eixpenses). 

A proportion of the general ongost of the factory (allocated 
on the basis of operative wages) is charged to the condjntration 
plant cost. The general onco.st includes all office, manageinyatf 
and stores charges, and any other overhead expenses which 
cannot be allocated directly. 

'♦fi 

Adjustment For. 

This heading allows for credits for sales of scrap, etc. For 
example, freiiuently in trade factories the weak acid from the 
.scrubbers and condensers is sold as accumulator acid. 

" It is important to note that no allowance is made in thc.se 
figures for rent, rates and taxes, insurance, depreciation, or 
interest on the capital expenditure of the plant, which form an 
integral portion of the cost of cMncentration of the average 
trade factory, and which must be consir'ered carefully when 
deciding on the best form of concentrating plant to suit the# 
required conditions. It is customary in most trade‘factories'’ 
to calculate depreciation on sulphuric acid plant at the rate of 
15 percent, per annum on the written-down value of the plant, 
as accepted by the Inland Revenue Authorities for taxation 
purposes. Under this .system all arlditions and repairs to the 
plant for the year must be added to the capital value before the 
15 per cent, allowanec for depreciation is obtained. 

■Interest on the capital expenditure of the plant is ba.scd 
generally at the rate of 5 to 0 per cent. [)er annum on the same 
capital value as used for depreciation purposes. 

In the process of concentration there is always a certain loss 
of acid, which varies with the efficiency of the plant working, 
and"thc value of the acid lost must be iiTcludcd iir the cost cof 
concentration." In the case of the Government Factories, by 
means of an elaborate system of storage tanks' and measure¬ 
ments, the quantity ..and strength of. the feed acid and o? 
finished acid wers recorded accurately. Tatflc A shows the 



TABLE A. 

HAI. Factory, Gretna. . hour weeks ending 29th June 1918. 
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weak sillphuric acide balan(ie sheet and «als9 the final cost 
of concentrated acid for June igi,8, a,t H.M. Factory, 
Gretna.' * ( ' 

t Although it should oe carried'(|ut wherever possible, in the 
average works it is not aKveys prad icable to measure the /eed 
acitl to the conccntrator.s in so acc irate a manner, and jt is 
therefore necessary to rely on the results of trial ruiis made at 
regular intervals. The averjige efficiency of the concentrating 
plants during the war period (1914-1918) may h? taken 
approximately as follows :— ' 

Cascade Plants.85 to 90 percent. 

Kessler ..9i » 93 i. 

"• Qaillard „.96 97 „ 

The monlHly coud'ntration costs are, summarised in the 
fonli shown in the table - on p. 321, by means of which variations 
from month to month under each heading in the cost per ton 
can be reviewed readily. A still more elaborate and impressivQ 
method is to present the comparative costs in a graphical form, 
as shown in h'ig. 136, which gives the avetage comptirative costs 
for £our six-monthly periods for different types of concentrating 
plant in use at the various Government fackirics. The costs for 
the Gretna Gaillards from January to June 1911S are includcdi 
in this figure, because they were the lowest cost figures vecorded* 
on any concentration plant during the period under review. In 
spite of the enormous overhead factory charges (welfare, housing, 
transport, etc.), Gretna combined a remarkably high efficiency 
with very low service charges. ' 

In considering these comparative figures, if .should be borne 
in mind that the cost of stores and labour increased steadily 
during the oeriod under review.. For example, it is stated 
that at one factory from 1914 to August 1918 the average 
weekly wages of labourers increased from 25s. to 55*1 of 
process workers, from 30s. to 82s.; of tradesmen, from 32s. 
to 70s.; and of lead burners, from 69s. during January 1916 
to 57 S- in June 1918; and these figurck may bs'taken ns 
representative of the general increase in wages throughout 
the whole of the chemical industry. 

' Report on the Statistical Work of the'Factories Branch, p. i6a 
p. 36. ' 
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The results achieved in the i Government factories from 
June 1916 to June19^8 indicate tkat froiji the point of view 
of plant efficiency, fuel coni^umption, *i^ai/jftenancc, and labour* 
charges, the cascade sys,tci(ii conccntj;ation compares vePy 
unfavourably with either Ahe GaHlard or Kessler plant, but 
it n},ust be remembered fmt the acid concentrated on thpse' 
plants waS the waste acid from the manufacture of explosives 
containing various impuritic^. When working on clean chamber 
acid, much better results can be obtained with tiie cascade 
, system. 

The very excellent results obtained with the Gaillard plant 
at Gretna indicate that this type of plant is more economical 
to work in all respects (except fuel consumption) JhalT the 
Kessler plant when large quantities of sulphuric acid are to 
be concentrated. Ajjiin, it must be remembered, however, that 
the feed acid for tlic concentrators was the waste aqjd from 
the manufacture of explosives, which contains an appreciabh,' 
quantity of organic and mineral impuritie.s. With dirty acids 
the Gaillard plant has the marked advantage that it is 
practically .self-cleaning, and does not reciuire a shut-down for 
this operatioit-.as in the case tdtho Kessler. When conccntr;fting < 
chamber acid for sah;, however, the Kessler plant is much more 
.'Icxible and convenient than the (jaillard plant, and can be 
"Worked more clo.scly to definite and high percentages of 
concentration. The Kessler apparatus also is Ic.ss costly to 
instal in the average works, and it is usually possible to arrange 
a gravity feed to it; whereas the height of the Gaillard tower 
renders this quite impo.ssiblB. 

The experience with the Gilchrist concentrator at Queen’s 
Ferry is unfavourable to this type of plant. 'The efficiency never 
reached the standard of a good Gaillard tower, tyid the.,(!o.st 
was usually much higher. ’ * 

Apart from the Goverifmcnt* reports (piotcd above, there 
is little or no data available on the present-day costs of con¬ 
centration, except from Anjerican data, which emanate almost 
eatirely, hhwever,* frrm trade sources. 

According '» A. E. W«lls and D. F. Fogg,’ the cost 
of, concentrating acid from 60 to 66 ° B6. (142 to i68‘Tw.) 
on » lO-toR cascade plant with too ■ di.shes 12 in. in 
‘ Bulletin J84, U.S. Department of the Interior, p. 137. 
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diametef and 6o pfcheating pans 24 ki. i)y 12 in. is as 
follows:— . * , . 


\ ‘ ' <■ 

Coal 17 per cent, it 85'0o per to^- .... 10-85 

Labour . . 0 •. • .f ^ 1-25 « 

General expenses and rept'irs • I • ■ • • * 0° 

Losses 4 per cent, of* acid, assumin|; 60° Be. acid at „ 

?8 oo per tin . . . . ' . . . . ' 0-30 

Operating cost per ton 66”' 11 c. fron\ 60° Be. . $3 40 


« 

P. S. Gilchrist' supplies .some interesting informatioij on*’j 
the comparative costs of concentration in America, atid de.scribes^i 
varit^s types of tower concentrating plant. , 

Comhinations of cascade and tower systems have been • 
used. An installation at Baltimore in 1916 with .twelve iron 
pays 36 in. in diameter, in two rows, tproduced 23 tons of 
66° Be. <(i68° Tw.) acid per twenty-four hours from 54° Be. 
^'20° Tw.), the acid entering the top pans being, 57° Be. 
(131° Tw.) at 290° F. (143° C.). e 

Actual operating cost per ton of acid is as follows;— 

o 

* Fuel oil, 19-5 galls, at 4 cents Vp . . $0 78 

Labour.• • .0-71 

G\:neral expenses and repairs . . . • • 0-85 

Losses, 10 per cent, of acid, assuming 60 Be. acid 

(142“ Tw.) at $8-00 per ton.o-8o 

Operating cost i>er ton of 66° from 54° Be. (120° Tw.). 83-14 

Particulars are given Also of a ptant in which concentration 
is accomplished: (i) by surface evaporatioi> in a pan flue; 
(2) by tower evaporation and preheating." 

•Two 50-Jon units of this type of concentrator have been 
installe"ci for .the Standard 'Oil Co., and recent figures show 
that, during A period of a little Snore than four years, over 
140,000 tons oP acid* of 66° Be. (16^ ’ T^.) acid has been turned 
out with a repair and upkeep cost of le.ss than #10,000. This 
wofks out at 7 cents to 8 cents per ton <ff finishes),'acid. 
oil consumption was from 10 to i i galls, per ton of 66° (168° Tw.) 
acid, starting from 55° BA (123° Tw.). One man per shift 

* Chem. afld Met. Eng.y 2ist Jiine 1922, 26 , Nd. 25. 

* Cf. Gilchrist concerttrator, p. 23^. 





COSTS AND EFFICIENCIES S26 

operates the entire plant, and t'le cosb of operation is as 
follows:— 


Fuel, II galls, at 4 cents ... . . Il 0'44 

Laboui . . o-ii 

General expenses and ref lirs . • . . . . 0-30 

Losses 3^ per cent, b; sed on $8 per ton of Cio" 
(i4.”Tw.) acid. 028 


Operating cost per ton of 66“ acid from 54° lie. (i2o"'rw.) ■?M4 


Gilchrist dc.scribcs also a fii.thcr modification of thi.s .sy.stcm, 
which is called a hot-air .submergence ty])c of plant. It is 
designed to concentrate any kind of .sulphuric acid, but 
especially separated sludge acid of any quality. The t*dcr- 
lying principle of the- process is concentration by blowing hot 
air at a temperature of about 1200° F.* (650“ C.) through the 
acid. Cf. pp. 299-301. * 

Figures are given showing the comparative cost ol concen¬ 
trating sludge acid by the old and new method. 

(l) Cost of producing G6" (168“ Tw.) acid from 35’Hi 5 . 
(65° Tw.) sludge arid, using lead pans and cast-iron stills;— 


100 galls, on at 4 cents.J4 t )5 

Labour.o.6o 

General experses and repairs.2-50 

Losses 20 per cent, based on $8 per ton of 60" 

(142° Tw.) acid.'.60 


Operating cost per ton 66" (168° Tw.) from 35° (65''Tw.) acid .T8-70 

(2) Co.st of producing (fr (i6.S‘’Tw.) from 35'lie. (65° Tw.) 
sludge acid, tisingrthe hot-air submergence plant:— 


35 galls, oil at 4 cents.?i-40 

Labour.,." 

General expenses.’ . mo 

Losses 6 per cent. b,ised on ^8 per ton 60° . . 0.48 

Royalty . . ' . . . • . b. . i-oo 


Operating cost per ton 66“ (i 63 ' Tw.)*acid from 35°(65“Tw.) 


*4-18 










SULI’HUKIC acid was formerly* always, and is even now to« 
a great extent, sent out in carboys (from the Persia:!, qnrabah), 
a large and more or less globular glass bottle, with a neck 
long^iioijgh to pour the acid clear of the packing and container. 
The Briti.sh Railw.ay Companies in their 'General Cla.ssification 
of Goods, give the follbwing definition :— , 

* The term ‘carboy,’ as used in this cla.ssification, means 
a globufar bottle of not more than r 2 gall.s, capacity, made of 
^ass not less than J in. thick in any part, practically frea 
from strim and bubbles, carefully annealed, and with the initials 
of the maker, or other distingui.shing rrfark, on the neck.” 

, ‘JFor liquids not exceeding c»2 .sp. gr. carly^ys up to 14 
galls, capacity may be used.” 

The above specification, however, has mrt been founds 
possible of attainment, since no bottle maker would g'jarantee' 
the thickne.s.s. In Great Britain glass carboys arc made chiefly 
in Lancashire and Yorkshire, and the process of manufacture, 
as well as the finished carboy, is practically what it always 
has been from very ancient tim^s. The heated glass is 
“ gathered ’’ on the end of an iron pipe ffom the melted 
mass in the furnace, and after skilful manipulation of the 
mas5; die wt'rkman blows it up with his mouth, like a rubber 
toy balloon, <*ill it has the* requisite capacity, judging the 
capacity entirely by the eyt, oiily fhc lower part being 
formed in a mould. A rough collar of glass is wrapped round 
the neck, and when the whofc is s|ifficiently cooled, the blow- 
pipS is broken off clo.se to l,hc collar, nnd afto.''’anjieali»g- 
(gradually arid slowly cooling) the ‘ carboy i.^ finished, the 
. mouths'bcing from 2 in. to 2 h in. diameter, thdligh somewhat 
rough and irregular (Fig. 13/;. . ' 

In other European countries, the carboy? are made in a 

8S8 ' ' 
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similar way, but wjth mouths onlv from i in. to 2 in.diameter; 
fhe mouths are Igenerally better finished, but ther larger 
diameter of th^ Iritish carboy is ^jrcfer- 
able for pouring, because air,can gctdiv-o 
the carboy above the heavy flowiii^j liqufd, 
and there is not the siiinc tendency to 
splash. ‘ 

In America, carboys of cylindrical form, 
instead of globular, arc norif being machine- 
made, with well-finished inoi'ths, but they 
are about double the weight of the hand¬ 
made British carboys. Attempts were 
made many )fcar.s ago to produce sipiare 
carboys, in order t<t economi.se space, but 
the difficulties of uncciual contraction iiucoofing, and con.scqucnt 
cracking, could not Ire overcome. , 

In Great Britain and America the usual or standard 
capacity of a carboy is 10 galls., any other capacity bc'ng 
special; but in most other luiropean countries, and Germany 
in particular, 60 to 65 litres (about 13 galls.) is the usual size. 

Sometimes glazed earthenware ve.s.scis of various c.spacities 
arc used, especially in l''rahce and Bohemia. * 

S/o/’/’crs for Carboys. 

For pure acids, it is usual to employ gla.ss carboys with 
ground-in glass stoppers, but thc.se are much too co.stly for 
the ordinary trade. The ordinary stopper is of glazed earthen¬ 
ware, but. more often #f ctmimon brick, round and about 
which is prc.s:«ed a lump of .soft moi.st clay with a clotlt tied 
over it to keep it in position. Sometimes •.stoppers are first 
luted with plaster if Baris, ami with a mixture of ground 
barytes and coal-tar pitch. 

• 

iJfa-.npers for Carbgys. ^ 

It is obvious that a gla.s.s »vc.s.scl, containing from 150 to 
«,i8o lb. tisulphur|c acid rec|uires protection from breakafe, and 
some mcansiif handling if. In former years, a iwugh wickerwork 
basket wastiniversally used for this purpo.se, the spafe between 
,*l»e glass„ and the basketwosk being tightly rammed witb 
' straw packing up to the shoulders (the largest diameter) of 






*328 THE TBANSPOBt OF SULPHUBIC i^ID 

t . . 


the carboy; but sometimes tjvisted straw b^nds are continued 
to the'top of the neck, fpr better pi'btection of the glaCss, 
especially when stowed in tiers. The wicker byskets were very 
unjatisfactbry and uir afe for th/;' weight they had to carry. 
Owing to the presence'of acid in tne^ straw or on the floor, 
the "bottom’frequently dropped out, while the handles and 
uppfir parts broke away, especially in dry weather! They 
seldom were fit for more thyn one journey. An innovation 
was made by Richard Leigh (B. 1 ’.* 3991 of 1876) (Fvjs. 138 
* and 139) of a carboy hamper made from fluted hoop if,on, 
protected by a thick coating of coal-tar, in which,the usual 
straw packing is used, as with the wicker basket. 




’ Kio. I3(j, 


Since that time many various kinds of hampers hav« been 
introduced, in sheet metal, plain, perforated, or corrugated, 
corrugated strips, expanded metal, in wire interlaced or spot 
welded, and many other methods; but the hoop iron hamper, 
made on the broad principles of R. Leigfii’s original invention, still 
holds the field in Great Britain and Europe gentrally. In the 
meantime, the wicker carboy basket has practically disappeared. 


BrltlSEr Railway Regulations for Transport of Oarboys. 

It frequently happens that glaks carboys get broken, 
particularly in railway transit, by the joiting or shunting of 
railway trucks, and the acid running out is not merely lost, 
but oRen does a great deal of damage to (jther mer’'.haqdise,«i! 
and to the railway truck. In Great' Britain this kind of 
trouble became exce.ssive during the war period (1914 to, 
1919), when so many, more oonsignments than usual weec , 
handled under very difficult railway conditions. In con- 
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sequence, the British Railway Companies (under the Ministiy 
of Transport) issuad (Jew reguktj.ons (•iith August 1919), 
to come into forcslist January 19^0, dca'ing with trafec in 
carboys, their strSw packing,, stopperfr^,Ating, and loading. 

(l) Deflfiltlon of ferm« “iDarboy.”—^hc term t'carbo/” 
means a globular bottle of not than 12 galls, capacity, 

made of glass not less than about J in. tliick in any p^rt, 
prjictically free from ,stri;e and biibble.s, cafcfiilly annealed, 
and with the initials bf tjie malter, or other dislingui.shing 
mark, on the neck. ^ 

1^0 TIC.— For liquids not exceeding i -2 ,f/. gr. carboys up to 
14 gaiis. capacity may be used. 


(2) Straw Packing.—h'.ach carboy mii.st be firmly p^ked 
in a hamper of iron nr wickerwork, w'ith a minimum thickness 
of i in. of straw packing between the hamper and tlic carboy. 
This packing must be reneweil hs soon as it loses its elastifcity, 


Fir.. 140. 




.and the hamper mii.st be kept in good repair. The straw 
packing in tbc carboy hampers, when handed to the railway 
company, must be sufficiently damp to prevent fire. 

(3) Stoppering and Luting.—Each carboy must be provided 
with a good earthenware <y gba.ss .stopper, and must either («) 
be well luted with plastic (moist) clay, or {b) well luted first with 
plaster of Paris and then a layer of moist clay_ placed over the 
plaster of Paris, the stopper in all cases to be tied over with a 
waterproof material to keep the ckiy moi.st, and thfli wit''-' tfong 
canvas firmly tied or wirjd round the neck fif the carboy. 
Other equally effective*moans of luting njay b^ used, provided 
the stopper is in all cases firmly jecured and luted, .so that the 
acid cannpt c.scape. An ‘effective method of securing^the 
sfoppeT isTy meai/s of ji flat metal band, passytg round the 
neck of the c^irboy and over the canvas (P'ig. 140). 

^ iin the case of certain specified chemicals an effective, vent in the 
stopper is necessary. 
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« 

Carboys containing hydrochloric acid {nini^atic acid or spirit of 
salt) may be stoppered witlj cork bungs Huted wtth paraffin 'wax 
, covered ivith canva\the ivhole to be secure}’’voith copper wire or 
by a jlatXmetal banm 4 >kssing rou'nd the neck of the, carboy and 
over the canvas. When panning in full’ truck-loads the carboys 
, may be stoppered with tightly twisted straw stoppers. , 

*"(4) Loadlngf—For traffic in full truck SINGLE TIER loads, 
the carboys must be placet! close< up to the end and side of 
the wagon and fastened together at all points of coiuact with 
strong cord or wire (to be provicted by the senders); s.nytgDd.c&* 
must cither be battened off with substantial timbcl, positioned^ 
close to the shoulder of the carboys, or filled with other approved 
pacWtig ^such as straw, sacks of straw, old hampers, etc., or, 
alternatively, a fpamework approved by \hc comp.'jny may be 
fitted in the truck fo support each carboy separately. The 
pac^cing material or framework to be provided by the senders. 

In the ca.se of double tier loads each carboy ijiust be 
[Saced on a nest of straw between the shoulders of the bottom 
tier carboys, the two rows of three at cither end to be fastened 
together with strong cord or wire at cach*’point of contact. The 
, carboy ham[)ers must be interlaced with rope, the'Ends of which 
must be braced to give firmness, and seemed to the buffers or 
.sheet hooks of the w.agon. Wagons exceeding the height of 
the carboys must not be used. ^ 

Note. — 7 'he Great Western Company do not carry nitric 
or sulphuric acid in double tier loads, and require the end 
hampers in single tier loi'ds to be,.sccured to the ends of the 
truck with strong cord fastened to the buffers ,pr sheet hooks. 

In the case of single carboys or part loads, the carboys and 
hanj£^s mijst be packed in substantial flat-bottomed cases, 
crates, or tubs. Each packa'gc must bear a distinctive label 
close to the niouth of the carboy^ 

f “THIS SIDE Ul’.” 

>1 

Carboys in boxes, crates, or tubs mu.'jt ivDt bQr,?Ioaded «r>, 
the top of other goods, nor other goods loadedi on the top of 
such carboys. Goods liable to be damaged ifi the event of 
breakage or leakage of the contents of the carboys, must nait Iks 
loaded near them. . • 



HAMPERS FOR 6aRBOYS SSI 

The chief difficulty seems to have bee^'in preventing single 
carboys from capsii;ng,br a few carboys in a truck from moving 
about and getting broken. Wood»n ^^es or tubs, strong; 
enough to ^:arry a carlAjy of Acid were luj^gcstcd by t#ic railvfay 
companies, but were far too* costly,^aiifl ."dso added considerably 
to the weight of the package, both outwards aiid inwards,, 
whilst lignt wooden crates were altogether t 'o weak. 

The difficulty ha.s been overct^ne s.itisfactorily, both to the 
railway companies and the tratiers, by a light, but strong, outer 
“sa^ty” crate (II. Leigh, H. 1 ^ 158028 of 1921). This “.safety" 
crarc is p’adc of deeply (luted hoop iron, and weighs only 
6 or 7 lb. It is made to receive any ordinary lo gall. carboy 



with its hamper, and having a base of the same diameter at the 
top, docs not move about or ovcrtuiin in railway trucks, and 
is also extensively used •for sca-boVnc traffic. An additional 
protector for tha upper part and neck of the carboy is frerjuently 
used. This top protector is also made from fluted hoop iron, 
and when tied down ‘ ight on to the top of the stopper covering, 
serves to keep the stopper and luting tight. , 

A special kind of c;ft-boyJiampcr has been patented by 
Gameri’ (B. P. 3196 of 1883). This i)ask*t is built up of 
numerous standards of wood, •thin and clastic. The base is 
rfomposeCUprcferal^y of two conical and concentric ring:^ thin, 
and.pf 5 to 6cm. ( = 2«t(i 2| in.) in diameter.* The standards 
are bound artd fixed at equal distances between the Ovo conical 
^ rwgs. Wooden rings, glaced a* intervals in the height of the 
/'Soc. Chem. fnd., 1884, 8, 173. 
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basket, aje fixed both on the exterior and interior by meaqs 
of a jeinted mould, whicij gives to die pasicet the desired 
pontour, according t^ the carboy or other a#t%le it is intended 

tOjContaintj V * •* • • 

Schleicher (Ger. P 5 i 8 ri?) employs ti|;ht-fitting wickerwork 
Iiaskets, the-upper part of which is removable and is connected 
with the lower part by wire fastenings. This plan’is shown 
in Fig. 142. h indicates thegla.s.s, e the joint between the two 
parts of the wickerwork, c, the removable part of the latter, c d 
the cover. • ^ 

Mau.scr (U. I’s. 11095 ^nd 21986 of 1902) provides *the 
hampers with a top kept down by springs, or suspends the ‘ 
carbojt in the hamper by springs. 



Fig. 142. Fig. 143. Fig. 144. 


Junckers' employs for filling acid carboys a new kind of 
funnel, closed at the top., Only two openings are left; one of 
them for inserting the piph or tap from the filling-vessel, the 
other one, provided with a neck, for conducting away any 
vapours formed. By.making the joints with the feeding-pipe 
or tap and with the neck of the carboy tight by means of india- 
rubber" wa.shers„.any loss and damage to the carboys through 
acid splashing about is avoided.. ‘ 

Mann (Ger. IV 189C34) de.scribes a cc 5 ntrivancc for closing 
carboys in such 4 way that the" channel for allowing gases to 
get out is not in constant communication ^ith the» 5 ute;r airf 
but automaticaRy opens when a ce-rtuin tension has .t^een 
reached, and again closes by itself when the tensidn is lowered., 
(Figs. 143 and 144 s.how thic.) The ball 0 opens into tke, 
» ' Chem. Zeit.f 1902, p. 582.' 
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chamber «; to prevent o from felling ^out, a bandage p is 
fastened over tlie priffce of «; it possesses a small hf)le for 
the vapours to ^cfce. % f ^ 

Contrivances fo^emptjrlAg Oarboy%.y-Scveral ccfitriv^m^is 
have been invented foi*emptying a^id catboys. Some of them’ 
consist of iron frames adapted for tilting, others of appar<rtus« 
adapted tu the carboy necks and acting on the principle T)f a 
chemist’s wash-bottle, the necessarjj air-pressure being iiroduced 
by a snail force pump, or by an 
incH^rubber bag with treadle. 

These and other contrivances arc 
described by Oppler in his report 
on the Berlin Exhibition of Ap¬ 
paratus for preventing Accidents.’ 

Probably the one most used at 
the present time is that .showrf in 
Fig. 145 after Brangwin's Patent 
.No. 1355 of 1888. 

Rabe- describes an arrange¬ 
ment for running corwsive liquids 
from store ^mks into bottles or 
open vessels, by means of taps. 

The outflowing jet is converted by radial ribs int(t parallel 
stream.'-', and any lateral .squirting is avoided thereby. In order 
to avoid any retention of the li(iuid, the ribs are made to slant 
towards the centre at the place where the liquid enters. 

Gaden^ (B. i’. 7837 of 26th Maytipis) describes a metal 
container fitted with a tonical reluovable cover, which fits 
into the contaii»er, and is maintained in position by a bail 
attached to the container by means of links engaging with pivoted 
claws. When the bai' is rai.scd over the cover, thj pivoted claws 
clip the latter and fix it in position. The pai^ ef the bail is 
fixed to the top of the covir by a spring clip, whith fits into slots. 

British Dyes, Ltfl. ‘ *(B. P. neppS* of |Oth July 1918), 
describe a stopper for carboys, a^d the like, but have not made 
practtel use ^ it. ' 

T;he Akti«ngesellschftft fur AnilinfabrikatioS at Berlin has 

A ^ 

’ Cheat. Ind., 1889, p. 528. “ Z. angew. Cheat., 1911, p. 403. 

* ’ y. Soc. Cheat. Ind., 1915, p. 1197. 

‘ J. Site. Chem. Ini. {Abstr.), 1918, p. 455. 



Fig. 145. 
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patented' (Ger. P. 8395) an apparatus for carrying acid carboys, 
without in any wav puttir.g stress ort the handles or other 
^arts of the hampVs, so that the carbc/ysncan be handled 
sa/ely, evln in defecOivt hamper.s'. ^ > 

Other contrivaneds of Jiiis k/nd donsist of hand-trucks 
tand barrows, one of the simplest of which is shown in Fig. 146. 
It lon.sists of a- i-wheeled barrow, the deck of' which is 
practically level with the ground, so that one man can roll 
a full carboy easily on to it, anci wheel it away to where 
required. It is manufactured by Messrs R. & H. Lei^ & 
Sons, Ltd,, Orlando Works, Bolton, to whom tha> authov is 
indebted for the sketches and details given above. 



Fig. 146. 


British Dyes, Ltd. “ (B. P. 111927 of 27th December 1916), 
describe a 2-whcclcd hand-propelled vehicle for carrying two 
carboys, which is very readily loaded and unloaded, and has 
been adopted on a prao'^ical scale. 

In May 1920 the Executive Cblnmittee of the American 
Manufacturing Chemists’ Association appointed a Special Sub- 
Committee to study , the question of carboy closure, and their 
recommendations are as follows ^:— 

' General Becommehdations. 

\ i 

I. The use df clay, plaster of Paris, and other similar 
mixtures for sealing carboys should be discontinued. It is 

possible to get a good seal in thi.s way, but She 'high ftobtbility 
" . “ r 

* Wagner’s Jahreskr,, 1880, p. 236. ^ 

. > /. Sod'Chem. Ind. {Abstr^, 1918, p. 47. 

’ Chem. and Metal. Engin., 2tst March 1923; ChenC Trade J%r* 
{Abst.)i 6th April 1923. 
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of getting a poor .seal, the tendency of these mii^ures to 
disihtegrate during Istopige, the faci‘ that a good seal is hard to 
remove, and resulf-Wi chipped and cijickoi' necks, the fact tha^ 
such a seal, is frcqui,ntly list'd to covtiVj^p serious jhips and 
cracks in the mouth of' the carboy, ^nd tifc lack of necessity for 
such a seal when proper gasket, porous stojiper and good flat, 
seat on tht-carboy mouth are used, make the .use of such seals 
inadvisable, r 

2. Glass carboys used f^r the shipment of corrosive liquids 
she* 'd have an even unchippe-l, and uncracked surface around 
the lip on iv'hich to seat the gasket; this surface to be at least 

in. in width for carboys of 7 to 13 gallon capacity, and at 
least in.'ll! width for carboys of less than 7 gallon capa<iity. 

3. The stoppers fer carboys should be required tft fit fairly 
closely in the mouth of the carboy, and have a taper conforming 
closely to the taper ot the insidtfof the mouth of the carbojft 

4. The size of stoppers should be standardised as /.early as 
possible*at not more than i in. less diameter (approxiinatefv) 
than the inside of the carboy neck. 

O 

^ Stoppers jjtid Gaskets. 

5. Gla.ss stoppers, ground to fit, .should be authori.sed for all 
corrosive liquic^s, and .should be .secured in place by whe, cloth, 
burlap er other suitable fastening. 

6. Clay or earthenware .sto]rper.s, porous, should be authorised 

for all corrosive liquids; they should be made of a material 
sufficiently porous to prevent accumul,3tion of interior pressure 
under conditions of transi»rtation t'r storage; they should be 
tough and not ■brittle, and of such material as will not be 
disintegrated by the corrosive liquid contained in the carboys. 
These stoppers should be of such size that the .shank will fit 
inside the mouth of the carboy with not over ^ in. clearance. 
The shank of the stopper‘shoiUd be at least I'J in. long, and 
should taper not more* tha'h J in. on the» diarjeter; the upper 
surface of the stopper .should fmve two’ cros.s-grooves with a 
rainimpm '/lepth of JV maximum of in., measured at* 

the centre of the top; provided' that these stoppers, when made 
with screw thfead to engage in corresponding threadsjan inside 
of carboy neck, need not have thoagrooves in their upper surface. ‘ 

7. Glass stoppers (plain or screw, but not ground to fitX clay 
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and eart^ienware stop^rs (not porous) and other similar stoppers 
should not be authorised fijr'mineral acdds {r for other corrdsive 
Jiquids liable to ddvelof^ considerable inf^riqr pressure; such 
s^ppperspiay be proWly authqflsed und-r suitable conditions 
other than the for^oing^.but Which' should be determined 
. dependent on the particular article being shipped. 

*8, Asbestos fope, treated, should be authorised for use for 
any corrosive liquid that jyill not seriously disintegrate the 
gasket during use; these gaskets ihould be made of asbestos 
rope (not less than \ in. comm&rcial) soaked in a mixture^ 50, 
per cent, machine oil and 50 per cent, paraffin at a temperature 
of 250° F. (approximate) and subsequently wrung out slightl)^ 
and allowed to cool. 

9. P'lit a.sbestos, rubberoid, and other similar gaskets (not 
thoroughly plasLic) should not be authorised for u.se for mineral 
acias or for other corrosive liquids liable to develop considerable 
interiorpressure; they may be properly authorised under 
suitable conditions other than the foregoing, but which should bg 
determined dependent on the partieular article being .shipped. 

10. Other gaskets having physical properties similar to the 

treated asbestos rope gaskets, de.S4:ribcd above, so, that they will 
remain plastic and not disintegrate during u.se, should also be 
authorised from time to time if found to be properly efficient in# 
transportation and storage. * 

Stopper Fastenings. 

11. Wire fastenings,of the type in which a wire is pa.ssed 
around the neck of the carboy jvst below the mouth and 
thence up over the stopper and twisted fast in a way to 
securely hold the stopper in place (such as the “ Brainard ” 
fastener) should be authorised for all corrosive liquids; the 
wire should b? required to be made of material as highly acid- 
resistant as practicable (“Armco iron” is recommended), and 
should be not l^ss in size than No.' 14'B.W.G. They should 
be coated with acid-resistant print before using. 

12. Wire fasteners of the lever ‘type (such as tj-e “^Gern^’;„ 
fastener) should be authorised ^ for , all corrosive liquidj.:. the. 
wire should be made of material as highly acid-resistant m 

‘ practicable, and should not be less iii size than No. 9 B.W-G- 
Theyv should be coated with acid-resistant paint before using. 
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1-3. Metal screw cap fasteners, consisting of a ca^ to screw 
down over the tnre,,cl o'ti the outside surface of the mouth of the 
carboy should be^authorised for all cojroshe liquids; the thread 
should be requireo^ to be' heavy ; rounded prevent 
chipping, and should be made so that, Vi-ith gasket and stopper 
in place, at least two full threads will be engaged; thes6 raps, 
should be made of material as highly acid-resistant as practic¬ 
able and not less than No. i8 gauge U.S. standard in thickness. 
The cap may be allowed to^liavc a hole in the top. 

r]^4. "Screwed thread on stopper” fastening, in which a 
thread on the shank of the stopper engages in a corresponding 
thread on the inside of the mouth of the carboy, should be 
authorised for alt corrosive liquids; the thread shoqjd be 
required to be heavy and rounded to [rrevent chipping, and 
should be inade so that, with gasket in, place," at least two full 
threads will be engag^'d. 

Steel Drums for Transport of Sulphuric Acid. 

Steel drums are used extensively for handling strong 
.sulphuric acid. According to the Special Classification of 
Dangerous fioods by McrcJiandise Trains (Provisional Pro¬ 
posals) issued by the Railway Clearing Hou.se, May 1921, the 
specification of steel drums for the conveyance of sulphuric 
acid (S. 13) is as follows:— 

(1) The drums niu.st be made of the best quality mild 
steel shcet.s. 

(2) All drums must be welded or rjvetcd, 

(3) Thickness of metml must not be less than 12 B.G. 
(2-517 mm.) for.body and 10 B.G. ( 3-175 mm-) fof ends. 

(4) The ends must be flanged, let into the body of the 

drum from i to i) in., and strengthened b^ welded steel 
hoops, either securely shrunk on to the body ol the drum, 
with projecting beads t# cover the ends, or welded to the 
body of the drum. ' • ^ 

(5) Two solid rolling hoops must be provided with _well- 
,fitting so.>#wed steel plug* and steel boss, the boss to be welddS 

to the drum.. The plug,,when screwed home,must not project 
beyond the *rolling hoops or chime. 

’ 4# ( 6 ) Each drum must be t-;sted under internal pressurfe 
of 20 lb. per square" inch, and.proved air-tight, and this test 
’ - Y 
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must be Repeated whenever the drum shows signs of deteriora¬ 
tion, and at intervals of not^^niore than s{x months. 

(7) The outside’bf eat^h drum must be *jiaipted or varnished 
to^reservje it. if ^^ 

^ The drums arc iniVje in .various size >, but the gross weight 
,of the filled drum must npt exceed 1400 lb. 

In August 1.915,’ a lawsuit was brought in tl.e United 
States by the Rcid-Donajd Steam Company against C. 
Tennant, Sons, & Co., claiming damages to the amount of 
• £70,oC)0 for the loss of the sf.camer Dc Sola, which sajr-cd 
from New York to Great Hritian with 7400 steel ijlyumsj qach 
containing 800 lb. of concentrated sulphuric acid, representing 
~ about 2800 tons. After eleven days at sea, with rough 
weather, a.id with water in the hold, which, had broken through 
the hatches, acid was found to be leaking from ihe drums, 
and . two men were overcome Ly the fumes. The ship made 
for the Kcarcst port (St John’s, N.), and the cargo was taken 
ouj and the sound drums carefully restored, but after twenty-^ 
four hours at sea further leakage of acid was discovered. Soon 
after returning to port tiie ship took fii^; from an c.scapc of 
inflammable gas, and this, togetljer with the daniage caused 
to the hull by the acid, cau.sed the .ship to sink. 

Tranrport of Sulphuric Acid in Tank Wagons. —When 
supplying large consumers, aiul especi.illy when sending great 
distances by land, tank wagons are employed. 

Balmain and Menzies patented in 1869 this way of carrying 
sulphuric acid, which, however, seems to have been previously 
in use locally; its general rse appears to date from 1880. The 
stronger the acid the less danger is there of,,iny action upon 
the iron; but eveji down to l30°Tw. it can be safely carried in 
iron, provided there arc no injurious impurities present, such as 
nitrohs acid, afild that the air has no access—the latter, because 
its moisture cot;dcnses on the surface of the acid, forms a layer 
of dilute acid, and corrodes the iron ifi thp^t place. 

The iron acid tanks are .sometimes made of an angular 
yfcction, like ordinary railway trucks; but these Jiive been 
almost entirely, superseded by cylindr'cal boiler-shaped tanks 
of 10 tons’ capacity. A great advantage of the fatter is, that 
they resist pressure, and that, at the consumer’s works, they 
' Chem. Trade /., 1915, 67 , 152; /. Soc. Cheat, Ind., 1915, p. 350. 
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1 m fitted with an arrangement for forcinyf the acid out. of them 
info a store tank on the premises,, o that the tank wagons are 
at once emptiec^'a^d can be sent tack to the seller’s work^ 
Smaller tanks of thi.^ kind, say holding 2 or 2I tons, ^n be ij.scd 
for road traffic. ♦ 

f^orrenberg* gives special instr'ictions for cleaning out 
tank wagons used for sulphuric acid. 

Iron tank wagons can be user^ for concentrated acid as well 
as for chamber .acid. The thickness of the plate for .acid down 
t(A;40° Tw’. is gener.ally 2 to in., for chamber acid ,V in. 
The plates must be very well riveted together and tightly 
caulked, as any leakage of .acirl will cause a strong corrosion on 
the outside, in spite of the self-evident precaution of kseping 
the iron very well p.ainted with coal-tar varnish. h\A the .same 
rea.son the 'tank.s, when empty, mu.st be kept tightly closed ; any 
part temporarily e.xpo.sed to the air, (tj,';, manholes, etc., .shon'd be 
covered with sheet lead. The emptying takes place by mea'is 
.of a si*phon, or else by an angular valve-tap, or by an india- 
rubber ho.se closed by a strong clamp. India-rubber, however, 
should be employed only for chamber .acid. The valve is m.ade 
of gun meta.! (ordinary, not»])ho.sphor bronze, which docs not 
resist the acid .so well); the iron spindle is ca.sed wdth hard 
lead up to the .screw-thread, and the stuffing-bo.x i.i packed 
with asbestos. In spite of all precautions, a little gas is 
genenally evolved in acid tank vv.agons made of iron, which, 
in opening them, may cause some acid to .splash about and 
injure the men. This is avoided by ^ ccjutrivance constructed 
by Vorstcr and GrunebeJ^.- On toe top of the boiler tank 
there is a pipe, <uk1 within this another piirc, clo.scd at bottom 
and open at the top. The annular space thus formed is 
clo.sed .at top and opened at bottom. The innejj pipe has two 
lateral oixnings near its bottom through which the gas collected 
in the boiler tank gets info the inner [)ipe antf thence escapes 
outside, whil.st the adid carried along sollcctj; in the annular 
space between the pipes and runs btick again. . 

< Pfeffo,'^ discus.scs tanlc wagons for acids in detail. Stjuar^ 
tanks on there wagons am more easily placed»on wheels, and 

s 

* Ciem. Ind., 1896, p. 553 ; /. Soc. Chan. Ind., 1897, itf, 141. 

* Oppler, Chan. Ind., 1889, p.'’528. 

* Z. angew. Chem.. 1908, pp. 98-104. 
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more stafcle than cylindrical tanks, but in fvery other respect 
cylindrical tanks ar^ to be# Referred, iThe ex’perience gaihed 
jp the construction of ste^ boilers comes m%pry usefully here. 
C^^lindric^ tanks arc j;Meapcr th^h squarar ones; tlie ends are 
'' more easily put on; nicy nfie more' eSsilJ^'and quickly emptied 
•and more easily cleaned The way of putting them on, the 
wheels is described in detail. They are filled through the 
dome, in which there is an,airhole, covered with fine-meshed 
wire-gauze in order to prevent explosions by a fortuitous taking 



Fig. 147. 


underneath the charging fiolc is thC discharge pipe, which is 
divided into two branches, each of them protided with a tap; 
there is also a shutting-off valve inside the cylinder, the spindle 
of which corny? out at the dome. Sometimes diaphragms are 
provided in the, cylinder, in order to prevent excessive oscilla¬ 
tions of the acid in shunting, etc. ' The protection of the iron 
against the acid/.nay be effected by a'lea'd lining, but ebonite is 
preferable for this purpose. '' 

Fig. 147 shows a modern lO-ton oaj<-frame ■‘tylipdriotil* 
sulphuric acid" tank wagon, as supplied by Messrs JHurst, 
Nelson & Co., Ltd., Motherwell; The internal dimensions of 
the tank (which is built up^ of |-iri. mild steel plates) ar? 
IS ft.' 3 in. long and 4 ft. 3 in. diameter, and the tank is 
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secured to the underframe by means b^gslvanised tiu’re rope 
fastenings. The ta'n^ ir, provided wtih a marhole cover, and with 
a valve and seating of regulus mettl, operated from the t^ 
of the tark by a c'^st-iron'hand-whdck through aflcver eJid 
vertical spindle. There is a double ailn-outlet of cast iron, 
to which cast-iron cocks arc attached. 

British Dye.s, Ltd.' (B. P. 124997 of7th July 1918)', de.scribc 
a tank wagon and its fittings, line;! throughout internally with 
vulcanise or similar material. 

^■tlayhurst and Me.ssrs Guthrie & Co., Accrington, de.scribe 
a tank mounted on a motor wagon. The lank is compo.scd 



Fig. i-iH. 


of an outer shell ol steel, and lined internally with .special 
ceramic material (.see Fig. 148). • 

According to B. P. 1*2661 of 26th November 1917,“ the 
joints between the tiles with which the vessel is lined are 
sealed with a condensation product of an aldehyde with 
phenol or its homok),,,ues. When the jointing ij complctn, the 
vessel is subjected to an increased temperature, to harden 
the jointing material. Tift latter may be inixc'd with asbestos, 
if desired. 

According to Bullctin_i84 of the Bureau of Mines, U.6.>^ 
(f. 148), ■t*nk cars have cajjacities of 60,000 to 160,odb lb 
They, are provided generally with a small fjump or well 
into which rf “blow-off” pipe dips to empty tho tank as 

‘ “ ' J. Soc. Cksm. Ind. X.Absir.\ 1918, p. 313. 

Soc'Chem. Ind. ^Abs/n), 1919, p. 164. 
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completely as possiblf. Sometimes a foo^ valve or cock is 
provided on the tjottom «f*the tank .for emptying, but the 
better practice is to bl?.w the acid oul Sj the tank with 
copipresse(i air. The 4 tanks a (5 proved usually with a 
dome having a ^manfiole’ pljite; lh6 Kow-off pipe being at 
ssne'side of the manhole,-and the pressure air pipe at the other 
side,"both being, provided with a flanked flanged union, with 
a cock and a cap to protect the threads. 

In the 54//r Alkali Insfiector's 'Report for 1917, arfatality 
is reported, due to arscniiirrctted hydrogen liberated durfeg 
the cleaning out of a railway tank wagon used for^acid 
transport. After repeated washing out of the tank with water, 
a workman entered to remove sludge with a new galvanised 
bucket; conditions favouring the production of the gas were 
thus reali.scd. 

if; 

With reference to the renfoval of lead sulphate deposit 
from viti^l chambers, and sludge from .store tanks or wagons, 
th(! 52«(/ Alkali Inspector's Report (1915, p. 15) .states tliat free, 
ventilation of the space should be provided for, both before 
entry of the men and throughout the e.vhole jicriod during 
which they arc engaged on thc-work. It is iigportant that 
it should be recognised that no matcririj has been found 
effective'in absorbing oxides of nitrogen that could be u.sedo 
in a respirator of the absorption type. Reliance on -the use * 
of such a re.spirator one charged with charcoal containing 
caustic .soda) would induce a false .sense of .security, and might 
lead to disastrous consequences. 

Beistle* gives an intdresting atcount of the origin and 
work of the Bureau of Explosives, U.S.A., to promote safety in 
transportation of dangerous articles, such as corrosive liquids, 
through improvements of shipping containers, from which the 
following remarks are taken. 

For strong sulphuric acid ■ the''tank car is very satis¬ 
factory, and the flteel drum reasonably so! The glass carboy, at 
^its ibe.st, is a fragile package. 'F or carboys the “ Stahl ” packing 
is u%cd frequently. This consists of four groovtd yertiaal., 
wooden strips,'whose elasticity servos'as the cufrfiioning,agent. 
Although initially cheap, they are destroyed by 'keid or fumes 
readily, and the cost of repairs an<J readjustments is Wgh. 

* /. Soc. Chem. Ind. (Trans.), 1919; pp. 330-337- 
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Poor and insufficient cushioning cannot be cheaji in the 
long run. It will cause accidents aid increase repairs* The 
cushioning material' should be i J jto 2 in. in thickness all 
round the carboy, and shohld be p«t in carcfull;^ A thin 
cushioning will give*' in.sufncient protection, and will wear 
through quickly by the constant rubbing of the carboy, 
whilst one full of lumps will cause the [iressurcs to be brought 
on small areas of the carboy, and cause breakage. A i-in. 
thickness docs not give sjkice for proper packing or sufficient 
ciJhliioning. 

r. ■ raihoad transportation, observation has .shown that 
packages receive their greatest strc.sscs in a direction parallel 
to the length of the car. These .stresses are due to coupling 
switching, and sudden stops in train operation. cAs far as 
possible, the packing serves to overcome* the weakness ol 
the package. According to llcistle, the following reiy.)rte(l 
accidents occurred in the transportation of sulphuri* acid foi 
a peridd of five years ending 3l.st December 1918;— 


I'oilli.ilUT. 

No. i)t 
Acoidciitu. 

IVrHuiis 

liijiinui. 

Tropurty 

Lohh. 

T:ink ciirs . ... 

H 


$::,548 

iMclai drums. 

39 

1 

1,289 

Carboys. 


30 

27,261 

Wo den barrels .... 

2 


13 

Cans, boUlc.s, jnj(s, etc., in wooilcii 
bo.xes or baireis .... 

t -4 

n 

1,169 


Regulations regarding Transport of Sulphuric Acid. 

• 

According to the Regulations for the Transportation ol 
Explosives and o*^hcr Dangerous Articles Jssued by the 
Interstate Commerce Commission, Washington, D.C. (revised) 
15th July 1918 (paragraplf 1855);— 

Sulphuric acid nm.st be in well-stoppere'j earthenware 01 
glass vessels packed in strong barrels (Specification No., II^ 
pr woodtft boxes (Spcciffcation No. 2), or in standard carboyt 
(Sppeificatioty No. 1), or ip metal drums or barrels (Specification 
5A), or*in tank cars. The inner containers must be well 
cushioned ,,by excelsior, hay,. straw, or equivalent packing 
material. 
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Electrolyte must be in well - stoppered earthenware or 
glass vessels packec^ in string barrels (Specification No. fi), 
or wooden boxes (Specification No. 2), or !.n"?tandard carboys 
(Specification No. i). The innet containers mus^ be well 
cushioned by excelsieV, h^y. straV/ of/- equivalent packing 
material. 

} 

Note .—The te,rm “electrolyte” is descriptive of'a certain 
grade or purity of diluted .sulphuric acid used in charging 
storage batteries. Some grade.s of’electrolyte arc so, diluted 
that they are not classed as “ forrosive liquids,” while otlftr 
grades are equal in strength to the stronger grades of sulf/ii.'ric 
acid. According to paragraph 1805, corrosive liquid.s, which 
must (foe distingushed by a white label, include the strong 
mineral aeJids (in strength greater than oRc-half concentrated: 
i.e., 47 per cent, sulphuric, 34 per cent, nitric, 20 per cent, 
hydrochloric acid). 

Shlpivug Container Specification No. 1 (15th July 1918) 
for^ Standard Class Carboys, reads :— • 

Weight .—Any glass container with a nominal capacity 
of not less than 10 galls, shall be class(;d as a carboy; and 
no carboy used for the shipment of acids or, inflammable 
liquids .shall have a nominal capacity of more than 
13 galLs.' 

A carboy with a capacity of 12 galls; must contain a mipimum 
of 16 lb. of glas.s. A carboy with a capacity of 13 galls, must 
contain a minimum of i6| lb, of glass. 

Note .—The glass in .the side walls of moulded carboys 
should be as well distributed as praoiicable, and the minimum 
thickness should be not less than in. 

Annealing .—Each carboy must be annealed for not less 
than thirty hours in ovens, or for not less than nine hours in 
lehrs, at a temppraturc of from 1000° F. to iiOO°F., and then 
cooled gradually to the nece.ssary finishing temperature 
required by locaj. conditions. 

Ipspection .—Each carboy msi-.it be examined carefully and 
Testeci to detect any weakness or defect due to vacation is, 
thickness of gkss, or other causes,,, and ad sgeh defective 
carboys myst be rejected. ( 

Marking .—An identifying mark must be blown in jhe bottcyn 
or neck of each carboy to enable the manufacturer’s name and 
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year of manufacture to be determined. A copy of tjtis mark 
must be filed with the chief inspei tor, bureau of Exfjosives, 
30 Vesey Street,York City. IJthe carboys are covered 
with a fibre or other composition, tl is mark must also be 
placed on the coverifi^'. » 

Closing .—The carboy must be c'oscd [a) by having an, 
earthenwme or glass stopper inserted into the mouth of the 
carboy, sealed in pkacc by clay, plaster of I'aris, or similar 
materia' in a plastic contiition, and .securely fastened with 
bAlap or other .suitable matnrial drawn tight and securely 
tied,' jindcr the lip of the mouth with strong cord ; (/') by a 
glass .stopper with gasket, secured by metal fastenings; (r) by 
a glass stopper ground to fit, secured by burlap or other suitable 
material; (d) if the contents of the carboy arc noti corrosive, 
by a cork or other similar closing device* securely fastened 
in place to prevent Vakage. 

Lead Carboys .—Any lead container of nominal capacity 
,not le^s than 5 galls, shall be classed as a cartajy, and no 
lead carboy shall have a nominal cajiacity of more than 
II galls. 

Lead car.jjipys shall be iiKidc with their sides and bottoms 
of not less than 8-lb. lead and their tops of lo-lb. lead. 

The carboys must be closed with stoppers sccurel)’ fastened 
in place to prevent leakage. 

Lead carboys must be tested with 5 lb. per square inch 
internal pressure before each shipment, and must show no 
leakage under this test. , 

Clay or Earthenware Cmrlwrs.—{-t) Any clay or earthenware 
container of not .less than 5 galks. (nominal capacity) shall be 
classed as a carboy. No clay or earthenware carboy shall have 
a (nominal) capacity "f more than 13 galls. ^ 

(b) The material in the botiom and side walls of clay or 
earthenware carboys shall fee as evenly distiibutad as practicable, 
and the minimum thickness shall be not Icss^than J in. The 
carboys shall be acid-proof ^ 

.. (r) Tk^carboy must bJ closed {a}hy having an cartheawafi 
or jjlass stopper iriserter' jnto the mouth of tli# carboy, sealed 
in place by cte.y, plaster of Paris, or similar material in a plastic 
condition, ^d securely fastened with burlap or other suitable? 
material drawn^ tight and securely tied under the lip pf the 
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mouth wjth strong cord; (d) by a glass or earthenware stopper 
with gasket, secure^d 'by nietal fastenipgs; (rj by a glass'or 
earthenware stopper ground to fit, secured burlap or other 
suitable material; (d) ifi the conftnts of the carboy are not 
corrosive, *by a cork «(■ othef simiiai closing device securely 
/astencd in place to prevent leakage. 

(d) Kach carboy must be carefully cxamir.cd a?id tested 
to detect any weaknc.ss or defect due to variation in thickness 
of material, or to other causes, and all such defective carboys 
must be rejected. v ^ 

Sections 15 to 20 give particulars of the materiaV and 
method of construction of wooden boxes. « 

C/(^/iionin« Sn/’/’or/. — The cu.shioning suppoit' for all 
carboys iivast be such that the type of box, when containing 
the carboy filled ivtth water to the lower edge of the neck and 
propiirly packed and cu.shioncd, must be able to withstand 
the following tests :— 

y'es/s of Complete Package. 

(rt) By dropping on its bottom on to a concrete or brick 
floor from each of the heights of 6 in., 12 in., 18 in., 24 in., etc., 
in succession. ICach box must withstand the first three drops 
without serious injury, and in testing not Ic-.ss than three 
packages the average maximum drop withstood by at least two 
of them without breakage of the carboy must not be less than 
24 in. 

{U) By suspending as ^a 14-ft.,pendulum, and swinging 
against a concrete or brick wall with successive swings the 
vertical components of which arc 6 in., 9 in., 12 in., 15 in., 18 in., 
etc. Kach box mu.st withstand the first four blows without 
serio'js injury,‘and in testing not less than three packages the 
average maxim^um swing withstood, by at least two of them 
without breakage of the carboy "must be ? swing with a vertical 
component of nc/, less than 15 jp. 

* If no cushioning is required, then bbxed carboys shalb be tesjfd 
without it. ' 0 , 

Afo/e.—For carboys cushioned with hay or similar material, th'e space 
between the sides of the carboy and the box should be about i 4 in. 
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, Marking. 

23, The outside (^ntainer must be marked: “ Complies with 
I.C.C. Spec’n. T,” or, i/ desire®, this marking may be 
indicated by a symtH-l consisting of a' pjctanglc, as Ibllows t— 


l.CC. -I. 


The > letters and figures in this symbol must be at least 
fti. high. 

Shipping Container Specification No. 5 a. 

Iron or Steel ll<txrel.<: or Drums for Acids ns pr^cribed 
by I.C.C. Regulations. * ■ 

t 

Effective \st September 1918. 

} 

1. iTon or steel barrels or drums manufactured hereafter 
and u.sccf for the shipment of acids as prescribed by I.C.C. 
Regulations, mu.st comply with the following .specifications:— 

In the interpretation of ^he minimum thickness of metal 
allowed for any specified gauge, a variation, due to commercial 
conditions of manufacture, of not more than 2j per cent, below 
the .specified .standard will be considered satisfactory. In 
figuring this variation the standard United States gauge for 
sheet and plate iron and steel must be used as a basis; the 
weights per square foot based on the United States gauges 
are as follows :— • 

4'3?S 11’' pr'r squ.ire foot for No. 12 yauge. 

3-'25 „ „ „ 14 „ 

2*5 11 11 11 

• 

2. It is recommended that, when nature of contents will 

permit, each such contaiffer should be coated on the inside 
and outside in such mauner and with •such materials as will 
prevent corrosion. * » 

r; 3. Ea'ch barrel or drum having bungs projecting froib the 
body must be provided with rolling hoops and*may have them 
jn other cas^s. Rolling hoops mu.st be of the type known as 
„solid i-baci of not les,s than approximately i j in. by f in. 
weighing apprrpcimately i *406 jb. per foot, mill rolling variation 
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permissiWe; or the extra (J-shaped sheet, metal hoop of at 
least two gauges heavier tlteA the steel, in the drum. Rolling 
hoops formed in the meta^ of the body of th^ ^container are not 
aufhorisec^ "i r ‘ « 

4. An iron or steel*' barrej or drtini wMi a nominal capacity 
•of over 55 galls, but not over 110 galls, must be constructed of 
metal, the minimum thickness of which in any pirt of the 
completed barrel or drum must not be less than No. 12 gauge, 
United States standard. 

' 5. An iron or steel barrel of drum with a nominal capadily 

of over 30 galLs, but not over 55 galls, must be cortvtrucl^d of 
metal, the minimum thickness of which in any part of theP 
completed barrel or drum must not be lc.ss than No. 14 gauge. 
United Stlites standard. 

6. An iron of steebbarrel or drum with a nominal capacity 

of Idls than 30 galls, must have ai minimum thickness of metal in 
any part*‘'f the completed barrel or drum of not less than No. 16 
gapge. United States standard. • 

7. Each barrel or drum must be tested under water, or with 
all scams covered with .soap.suds or iKavy oil, by interior 
compressed air at a pressure of not less than 30.'b. per square 
inch sustained for not less than two minutes, and must stand 
this test without leaking. 

8. This type of barrel or drum must be capable of s'^anding 
without leaking a hydrostatic test pressure of not less than 
40 lb. per square inch, sustained for not less than five minutes. 

g. When filled with water to 98 per cent, of its capacity, the 
type of barrel or drum musC also be (fapable of standing without 
leakage a test by dropping it diagonally on its chime from a 
height of 6 ft. upon , a solid concrete foundation. 

I, 0. Factory, tests of the type package to insure that the 
product complies with paragraphs 8 and 9 must be made at 
intervals of not more than three months. 

II. Provision, must be made for closing the bung-holes and 
other openings iri such mannci'as to prevent leakage. Bungs 

■^or otiier closing devices pi'ojccting beyond the chime dr rollwtg 
hoops must be' capable of withstandmg the sam 3 test d''op as 
prescribed by paragraph 9. Threaded metal plugs must be 
close fitting, and threads in the' reinforcements and cn the plugs, 
must be cut at right angles to the faced surfaces thereof to 



TRANSPORT REGULATIONS 349 

« 

insure a uniform and solid bearing tijroughout tl>e entire 
circumference of*thb gasket. Gaskets must ^e made of asbestos 
or other suitable gficl resistant material. ^ 

12. The. method of manufacturing fhe barrel or drum ajid 
the materials used rf.jst* Be wcll^ dd».>ted to producing a 
unifo/m product. Leaks caused by defective inaiuifacturc of' 
a barrel oi drum must not be stopped by .sokicriiig, but Inust 
be repaired by the method used ui constructing the barrel or 
drum. , ® 

*13. The name or initials of the manufacturing company 
or rif idertifying mark, a copy of which shall be filed with 
<ihe Chief Inspector of the bureau of ICxplosivcs, 30 Ve.sey 
Street, New York, must be plainl)' and permanently irftrked 
on each barrel or drom. ^ • 

14. Eacn barrel a^id drum must be pl«inly and permanently 
marked with the words: “COMi’LiliS with I.C.C. Si'fto’N 
No. 5A,” or, if desired, this marking may be indicajed by a 
symbol aj follows . 


« I.C.C. -SA. 


This symbol shall be understood to certify that the package 
complies with all the requirements of this specification. 

All letters and figures in this marking must be at least 
J in. high. 

Each such container of dome.stic, manufacture .shall al.so 
have plainly stamped thewon the d.ite of manufacture thereof. 

When offered, for shipment the package must also bear 
such other de.scription as may be required by the I.C.C, regula¬ 
tions for the parlicula" article contained therein. 

• 

Transport of Sulphuric Acid in Boats. 

• 

Where the acid has to ba carried on •canals, etc., ^he 
b^ges m.'.jf be arranged &s tanks by lining them with laadT 

yfbs shown,by Kuhlmapn, jtinr., in 1878,' such boats, when 
used for this ^purpose, are subject to dangerous shiftipgs of the 
^rtfre of gravity by the oscillation of the acid; this is over-* 

'“Ckem. Ind^\Zy<), p. 333 . 
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come entirely by providing longitudinal, partitions, leaving 
air spaces widening out at t.he top, as shown in Fig. 145!. 

^ Vorster and Grunebterg* (Ger. P. 1 - 4 '/iS) proposed the 
following plan especia’ly with a view to sea carriage. Dry 
and finefy divided kkselguhr (irdusodal earth) is saturated 
■" with three' or four times its weight of strong sulphuric.acid. 
The' product, which contains at least 75 per cent, of acid, 
retains its pulvcrent form, and can be transported by land or sea 
in lead-coated sheet-iron vessels, without any risk of breakage. 
‘ When it reaches its destinavion, the mass is either ilsed 


■r 



Fio. 149. 


directly or diluted with water, and the acid is separated from 
the kieselguhr. „ 

A similar idea, using day instaid of kieselguhr, has been 
proposed by Rippert (H. P. 8752 of 1900). , 

White and Rickmann (B. P. 17905 of 1887), for a similar 
purpose, mix sulphuric acid with anhydrous sodium or 
magnesium sulohate, dissolving the salt in the acid by the 
action of heat, and allowing it .to solidify on cooling. The salt 
frequently does not dnterfere with,.the use of the acid, but 
th9 idea is not a practicable 'one. 

Morris^ (B. P. 837 of 1916) proposes sub-aqis&ous t^ks 
for the transport of corrosive liquids by w^ter. The ..sub¬ 
aqueous tank consists of two shells or tanks — one within 

■ Wdgner's JaK'esher., 1&83, p. 356. 

* J. Soc. Chetn.'fnd., 1916, pr 1243. . 
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the other, the inner one being eccentric with the outfr. The 
inher tank, which carries the »cbrrosive liquid, is etayed 
suitably, or braced ^to the outer on^ so that it remains in 
a fixed position, and the space bctv een the two shells is 
qapable of being scaled, aiid may be fill ^1, wholly oi^ partially, 
with water or air, to determine the flotation. The tank vi'ill 
float in water, can be submerged, wholly or partially, as 
desired, by regulating the water ii' the outer casing. Details 
are given of the construerfon of a tank 119 ft. 6 in. long 
by»i6 ft. beam by 13 ft. 6 ir. depth, having an inner .shell, 
100 (‘f long by S ft, diameter, capable of holding 250 tons 
H2SO4. The tank is lead-lincd, to avoid contamination of 
the acid witil iron * 

For sea tran.sport wooden boxes lined with tlead are 
usually employed. . 

According to W.* G. MacKellar,* the boxes arc madtf of 
lead, in. thick, weighing 5 lb. per .scpiare foot. Ir ich box 
carries *[98 lb. of acid, and there is 7 per cent, clearance 
space allowed for any gas that might be given off after filling. 
All joints arc welded autogenously by means of the air and 
hydrogen flame. A small filling hole is cut out of the roofs 
of the bo.xcs, and, after filling, the boxes arc scaled finally 
by welding, as before, a period of two days elapsing between 
4 he filling and the final .scaling, .so as to allow of any gas 
generated to escape. The boxes arc designed so as to give 
the maximum amount of sulphuric acid that the .shipping 
companies will carry in one package, and arc much more 
economical than stonewar* jars, a:,< there is always a good 
salvage value in .the lead. The boxes arc used for both 
arsenical and non-arscnical acid of 95 to 06 per cent. H.^SO,, 
but not for higher st'-'-ngths. ^ 

According to Morris,- .some .shipping companies require 
that sulphuric acid mu.st ‘be carried in small glass lx)ttles 
(Winchesters), with gojui'd glass .stopix;r.s, and that these 
must be packed in wooden cases i') sand or whiting in sufficiij^t 
quantity to §bsorb the acid,* which would leak out if a brealflige 
occurred. Others require. (Jiat the acid should be in earthen¬ 
ware jars, each of about 2-gall, capacity, provided with screw 
• ' J. Soc, Cher%. Ind, {Ttans^^ 1921, p. 139. 
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stoppera and india-rubber washers, and that^one, two, three, 
or four of these isbould packed jn a wooden case with 
jrhiting. Both these nj.ethods are veij/ ’mostly — the acid 
cc^tents ^n some casei rcpresejfting only a small, fraction of 
the value of the pacifeige. „, ° ’ 

• Wheeler * describes tjhe construction of charts for ascertain¬ 
ing Ihc volume* of liquids contained in storage tankts and tank 
wagons. < 

Storage of .rjulphuric Acid. p 

Ve.ssel.s fur storing and carrying sulphuric acid ^of all 
strengths are constructed from wood lined with lead, of 
from iron lined with lead; but the lead coating easily gets, 
loose in places, and must be repaired regularly. 

Hoyt '* has patented a lead compound coating particularly 
adapted for the above-mentioned purposes, consisting of a 
thick u^per layer of soft commercial lead, an^ a thjn lower 
Ic^er of an alloy of 8o to 98 per cent, lead, with 20 to e 
per cent, antimony, which is welded on to the soft lead; 
on rolling out, a plate is formed, the .sRrfacc of which is soft 
and the bottom hard; this composition keeps vts form better 
than ordinary soft lead. 

Holden (H. P. 3805 of 1877) propo.ses to construct acW 
tanks from wood, which has been warmed previously ai.d soake<^ 
in paraffin. The edges arc to be made tight by a solution 
of gutta-percha in naphtha. 

Krn.st'’ describes it. detail the coating of iron vessels with 
lead, copper, aluminium, nickel, etc.; also with india-rubber, 
paints, etc. 

Jordan ' (Ge'r. P. 2S0863 of 1st July 1913) coats ve.ssels for 
thd tran.spor.ation of acids made of glass, stoneware, etc., 
with three layers, united by fusion, the innermost layer 
consisting of a mixture of bftuminou.s and fibrous substances 
(jute, hair, etc.j; the'central one is Sm clastic mixture of wool, 
peat, etc., and the outer layer, bitumen strengthened with 
sand or gravel. * • ” 

* y. Sac. Chem, Ind. {Review)^ 1920, p. 141. * 

' The Brass Worlds June 1913. 

* Cktm. Apparatus^ 1916, p. 93 : angew. Che.:u^ 1916, p. 370. 

* y. Soc. Chem. Ind.y 1911;, p. 704. 
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. Cement vessels’ coated with Trinid^ asphalt mitstic have 
been found suitable for storing ^sulphuric Srcid. After'twelve 
months they sbowld no change, tfhile all other materials 
failed. • * ^ , 

Brookes Chcmical.V, lAcf., and F.’li:’dokc-,(B. 1 ’. 129709 of 
3rd .December 1917) describe the construction of acid-resisting' 
tanks ancf conduits built of bricks, the outer layer of which is 
set in cement, followed a layer of asphalt or bituminous 
material, and finally an inner la^'cr of bricks set in and grouted 
wT^h molten sulphur. ' 

Wenz' (Ger. 1 ’. 321029 of 13th October 1917) describes the 
^preparation of an acid-resisting material impervious to water. 
Pumice or other absorptive material is finely powdered*dried, 
mixed with cement, strongly heated, and then impregtiated with 
paraffin. A tar product is then added, lifter which the mass is 
heated to promote intimate admixture of the ingredients, and 
cooled. '' 

. Specifeations and tests for bituminous acid-proof coatyigs 
for the acid-proofing of concrete surfaces arc given in the Report 
by The Bituminous Materials and Cement Section, U.S. Bureau 
of Standard.s.* According toMie requirements of the condition.s, 
either bituminous paint, enamel, or mastic is used. I'he surface 
to be coated must be clean, dry, and free from dust, and a 
priming coat is applied alway.s. Paints arc made from bitumen 
or coal-tar pitch, thinned with solvents, the priming material 
being thinner than the paint. Knamels are mixtures of bitumen 
of high melting-point thoroughly incorporated with 15 to 40 
per cent, of finely divided ^ilicious h'llcr; they contain so much 
bitumen that the^' melt below C., and are applied hot 
Ma.stics are mixtures of lead asphalt, ground with a.sbcsto.s and 
finely powdered silidous filler; when ready for#pplication; the 
mixture contains 15 per cent, of a.sphaltic binder, 20 per cent of 
mineral filler, and 65 jjer ^ent. of properly graefed coarse sand. 
Mastics are applied hot/ when the prjjning foat of thinned 
asphalt has dried to a tacky condition. Several layers of aheyj 

0 0 • 

< V , • • 

' Eng. and M^n. World, »8th M.arch 1914. 

’ /. Soe, Chmt, Ind. {Aistr.), 1919, p. 670. 

• ’ y. Soc. Chem. Ind. {Abstrl), 1920, g. 659. 

o * Clum. add Met. Eng., 1920, pp. 287-289 j /. Soc. Chem. Ind. (Abstr.), 
1920, p. 664. * . 
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in. eac;h are poure^ on ,and spread out with a trowel, artd 
applied* one over another, so 'as to give a final thickness of at 
l<ja.st I in. ?. ' - 

^ rMarini^ and Rower‘ '(R. R. 1303020! 29th April > 1918) coat 
iron or steel elecfrolytWally,w,ith lead, by'employing the cleaned 
'artitle as cathode in a* mixture of solutions of ammonium 
tartrate and a soluble lead salt (ie., lead acetate), t6 which is 
added sufficient caustic soda to form a clear solution, and 
salicylic acid to the extent of about 5 per cent, of the weight of 
* lead salt. • 

Chance eSc Hunt, Ltd., A. K. Holley, and H. >W. W«bb, 
Oldbury - (R. P. 110258 of 20th January 1917), de.scribc an acid* 
resi.stfiig cement which is designed to set in two stages. The 
first set (ijcurs at J;he .same .speed as the initial set of ordinary 
mortar, and enables ordinary building operations to be carried 
on at any desired speed. The second set, which corresponds to 
the final 'hardening of ordinary mortar, gives a .^one-like acid- 
rc^sting product when perfectly dry. , ’ , 

1 he cement is made by adding 0-5 to 5 per cent, of plaster 
of Paris to a silicious acid-resisting cei>-*.'nt of the ordinary 
type. Suggested proportions are -nr- «. 

<i l)iirts by wciglu groiiiui j,tone\v.ire (passin^^ No. 30 sieve). 

7 ,, „ line heigluon sand. 

- „ ground blue brick (passing No. 60 sieve) 

O'12 „ ,, plaster of Paris. 

3 „ „ ground silic.ite solution 60" Tw. 

1 he dry .solids are first hni.xed iiAimately together, and then 
the .sodium silicate is incoqjorated, prefen.bly in an edge 
runner mill. I he cement should be used within an hour of 
making, and t.he fini.shed work .should be heated to 100° for 
several days, uytil thoroughly' dry. These cements arc stated 
not to be affected by mineral adds over a wide range of 
temperature, nor by ■.sulphur dioxiric, trioxidc, nitrous gases, 
clijprine, or hydfogen‘sulphidft;'- The addition of 1.5 per cent. 
*' of Itad carbonate or basic lead car&onate renders 'file ccijwnt 
more quick-scKing-' (R. 1 ’. 119966 of r2th jinuary I9i8j. 

V ' *y. Soc. Chem. Itui. (^AvV/*.), 1918, p. 727. 

Soc^Chem, In^.y 1917, jv 1237, *» 

^/. Soc, Chem. Ind.J^Absir.\ 1918, p. 7^68. 



STORAGE OF SULPHUiyC ACID 


m 

. Baskerville’, describes the prefirati(^i of lead-coated iron, 
employing antimony rs a binder. Mild steel .sheets, after 
pickling in sulplturfe ncid, are washc*l, and then blackened by 
an antimoiiy chloride .solution, washed again, and.^while still 
wet, dipped through zinc chloride (In;, ^nlo molten antimony 
(i2 per cent.), then into molten lead, and finally rincnehed in oil. 

A process for forming a binder on cast iron upon which 
pure lead can be cast and rjioiilded, involving the use of hydro¬ 
fluoric acid, iscovered in the.aj)plication for U.S. 1 ’, ti.J7323 of 1920. 
'y. /«(/. and Ent;. Chew., ii;20, p. 153. 



CHAPTER X 

APPLICATIONS OF SUL^IURIC, ACID, AND STATISTICS 

f 

The principal applications of sulphuric acid are the following 
I. In a more or less di'/ute state (say from 144WW. <*,crwn- 
wards^; For making superphosphates, sulphate of ammoniff 
and other artificial manures. 

From* the statistics on fertilisers published by the Inter¬ 
national Institute of 'Agriculture,^ it is .possible to calculate 
he pre-war consumption of sulphuric acid in the production of 
he abo\A‘-mentioned class of fertilisers as follo(vs:— 

C Metric T0L8. • 

World production of sulphuric acid .... 5,000,000 
European production of sulphuric acid . , . . 3,700,000 

World production of superphosphal; .... 7,500,000 
Corresponding world consumption of sulphuric acid . 3,000,000 
European production of superphosphate . ' . . 5,600,000 

Corresponding European consumption of sulphuric acid 2,240,000 
World production of sulph.ate of ammonia . . . 1,05.7,000 

Corresponding world consumption of sulphuric acid . 793,000 

European production of sulphate of ammonia . . 941,000 

Corresponding European consumption of sulphuric acid 710,000 
Percentage of the worlcl production ^f snlphuric acid 

used for superphosphate.60 per cent. 

Jdem of the European consumption . . ". . 65 „ 

/dem of the world production used for sulphate of 

ammonip.16 „ 

Idem of the European production.19 » 

• >, 

These figures show that three-quarters of the world pro¬ 
duction of sulp^iuric acid is completely lost in the soil, 
•■''further applications ^are: for making sulphate of soda 
(salt-cake) and hydrochloric acid, and therefore ul{ima.tel3FTor 
soda-ash, bleacKing-powder, and innumerable dther products; 
for preparing sulphurous, nitric, phosphoric, hydrofluoric, boric, 
‘ 5 ee Monthly Bull, of International Revitw of the Science and Practice 
bf Agriculture, July-August 1920. ^ s , , 
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carbonic, chromic, oxalic, tartaric, citric, acetic, and stean'c acids;' 
for-preparing phosphorus, iodin;, bronfine, the sulphates of 
potassium, barijjin ^ {plane fixe), c^cium {pearl-hardening ; 
especially also for precipitating Baryta or lime as sulphates for 
chemical processes; s"lpt.a'.es of magncijium, alumiflimn, i?on, 
zinc, copper, mercury (as intermediate stage *for calomel and* 
corrosive sublimate); in the metallurgy of copocr, cobalt, nickel, 
platinum, silver; for cleaning (pickling) sheet-iron to be tinned 
or galvanised ; for cleaning ot)pper, silver, etc.; for manufacturing 
pStassium bichromate; for winking galvanic cells, such as are 
used jin t-lcgraphy, in electroplating, accumulators, etc.; for 
.manufacturing ordinary ether and the composite ethers; for 
making or purifying many organic colouring-mattcr.s, especially 
in the oxidising mixture of |)ota.ssium bichromate antksulphuric 
acid; for parchment paper; for purifying ma'liy mineral oils, 
and sometimes coal-gas; for manufacturing starch, .syrup,‘and 
sugar; for the saccliarificatio-i of corn; for neutralising the 
alkalinfi reaction of fermenting liquor.s, such as mola.s.ses; for 
effervescent drinks, mineral waters; for preparing taliow 
previous to melting it; for recovering the fatty ,acids from 
soap-suds; for tlestroying v^ctable fibres in mixed fabrics; 
for artificial silk ; generally, in dyeing, calico-printing, .so.ap, 
.glycerine, and vegetable oils, tanning, glue, gelatine, size, 
•rubber refining, sewage. As a weed-killer and as a chemical 
reagent in innumerable cases; in medicine against lead- 
poisoning, in drugs, fine chemicals, and in many other cases. 

2. In a Concentrated State. — For ^nanufacturing the fatty 
acids by di.stillation ; purifying colz.. oil; for purifying benzene, 
petroleum, parafTiu oil, and other mineral oils; for drying air, 
especially for laboratory pur]Jo.ses, but also for drying ga.ses for 
manufacturing proccs' -s (for this, weaker acid ajjio, of 140° Tw., 
can be used); for the production of ice by the rapid cva[X)ration 
of water in a vacuum; for^efining gold and silver, desilvcring 
copper, etc.; for making organic-sulphonia acids; manufacturing 
indigo; preparing many nitre-compounds afi?l nitric cth^, 
esctgcially la manufacturing; nitro-glyccrine, nitrocellulose, rjttro- • 
benzene, T.N.T., p.cric rcid, and so forth. • 

3. As Nordhausen Fuming Oil of Vitriol {Anhydride). —For 
nfanufacturiqg certain organic-suljthonic ac-'ds (in the manufacture 
of alizarine, eosine, ind'go, etc.) ;^fer dyes and intermediates and 
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■ explosivt^s; for purifying ozokerite; for making shoe-blacking; 
for revivifying the* s^ent acids used in the manufacture • of 
explosives (T.N.T., nitroc^lulose, etc.), and /of pther purposes. 

According to the Qepartmental Committee on Sulphuric 
Ac^d and fertiliser IV^des^ 1919,’ "the (jstimated approximate 
•pre-avar corrsumption of acid of the more important trades 
was as follows :-j- <- 


1 

Tif*m too per cfltit. 
AcM i^r aiumm. 

K'luivnlont 
Cimmbt'r t dd. 

_ . _ _ 

Slipcrphosjfhules. 

Sniphulc tif tiinmoniu .... 

300,000 

4to.ooo ^ 

280,000 

420,000 '' 

Bleaching' powtler, hydrochloric at id, 
alkali, and alum 

l.Sf»,000 

279,000 

Iron pickling. 

70,000 

105,000 

Recovei^' of Kica.sc pi textile lr.a«les 

20,000 

30,000 

Cojiper sulphate . 

25,000 

37,000 

Dycinp and hlcachinii; .... 

25.00®- 

37,000 

^ . 

\’cry 

small 

Oil rehninjj. 

Rxplosncs. 

20,000 

30,000 

30,000 

\ 45.oo$> 

Total 

956,000 

1,433,000 


The comparison of pre-war ainf post-war [wsiticms as regards 
productive capacity (100 per cent, acid per a'linum) shows:— 


Thk-Wab. j PoaT-WAR. 
Tons Tons*., 

Oleum. 22,000 450,000 

Chamber.1,040,000 1,265,000 

1,0(^12,000 1,715,000 

* « 


a surplus of 653,000 tons, of which the Government plants 
produce 315,000 tons. 

The following is a list of acid factories owned or leased by 
H.M. Government, with their output of 100 per cent, acid per 
annum:— / ♦ 


A. Oleum PJants Erected the IVar. 

* t ^ Tonn jw>r annum. 

"tCM. Factory, Avonmoiith, loGrillos i , 89,200 

„ „ , Queen’s Ferry | • }' 

1 10 Mahnueimsj «! 


Gretna 


j 4 Grilles \ 
l8 ManBheims/ 


111,500 

53 > 5 oo 


‘ ‘ J. Soc. Chem. Ind. {RevkiO^ P* ‘118 ; 1919, p. 90. 
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A- 


• • 

R. N. Cordite Factory, Poole, 2 Tentelew 

H.M Factor), Oldbury, 2 MannhciiliS . ». 

„ „ pcmbroy, 6 Tentelew 

S. Metropolitan C»s Co., t Crillo . *. 


H. C/iiiniii'r I’luiils l.cascil by II.M. 


. . 8,900 

4,500 

. . 8,goo ( 

, 3o.?.3oa 
C,o~,H'ruvient. 




U M. Factory, West (iorton . . 

Da’ton Main Collieries I* . . . 

. * 

I'otal acid under Oovernmcnt manaitemeiit 


6,2<xi 

^<>> 

314,600 


A very valuable paper dealii)}; with the <leve^()))tiiciit of 
the .sulphuric acid indit.str)’ (1915-1918) lifts, been contributed 
by H. J. Hailey to llie .Society of Chemical Industry,' frotn*vhich 
we abstract the following information :— 


Siiiiiinary of I’riHltulioii otul Utilluilion of Sulf’htirii .-Vcid 
in terms of 100 f>er cent. II.^SO^. 


' 

(itiir,). 

iinti. 

11 ) 17 . 

IDIS. 

1‘ioilucllon liy conlatl jilanL— 

ToliK. 

T..11H. 

'I’tUlH. 

T'Ui«. 

Gii\ Tiimeiil (arli)rics . 

(...) 


I 

112,178 

I ratio. 

(. 13 . 115 ) 

63, W6 

82,227 

54.465 

Total 

(. 5 . 3 . 145 ) 

105.(173 

221,0S6 

ir>o,b43 

lmj'K)r1s .... 

* (31.332) 

5.71I' 

IJ'jO 


Production in cl^inbci-acid 
plant 

(1,050,000) 

I, 20 X ,275 

J,lf> 0 , 7 K'j 

1)64,158 

Total available 

(1.114.777) 

i, 31 t 6 't 


1,130,801 

Quantity of chaniLc: ncitl 
used to manufacture con¬ 
centrated acid (10 |)er cent, 
loss allowed in piocess) 

U 23 , 5 oo) 

» 

371.7J0 

^75.517 

204,814 

Conccniraied-acid prtxli'clion 
(from chamltcr-acid j>laiil) 

• Used as follous:— 

(lit.150) 

334.540 

• 

337,T'S 

• * 

184.333 

For explosives 

(36,150) 

258.540 

274,68') 

U 0 W 4 

•* Fof tradt .... 

(75,000) 

7^,000 

b 3 . 27 b 

_jf .. 

54.2") 


* A aliarp tlivftlou IMwewi PXploHivps aii'i tratl« Ib fxtniHuly (lilllcult t*) Imt th« figure* 

Lveu are *ub*taatiiilly correct. - * 

k ft * 

‘ y. Soc. Chem. Ind. {Ri^ic'w)^ 1921, pp. 246-252. 
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, 0 

Sulphur Pyrites. 

*"a I ' T' i ^ 


« ( 

’ < 
1914 . 

191 ft. 


i 9 ir. 

1918 . 


( ! 
foas. 1 
731,000 1 

«V \ 
((■,ooo) 

Tpns. 

Tons. 

Tons 

Tons. 

Shipments tc^nited King¬ 
dom 

I, 003 , 0 p 0 ^ 

969,000 

p 

925,000 

809,0^0 

Home - mined, • inefuding 
coal brasses 

(6,000) 

(6,000) 

7,000 

21^000 

Consumption for ^icid- 
manufacture 

(800,000) 

(800,000) 

(922,000) 

(871,000) 

744.000 

Stock in United Kingdom, 
3l8t December fin acid- 
works and stores) 

_ rmaL , . 

(150,000) 

(250,09?) 

c 

(200,000) 

333.000 

436,000 

# 


The consumption of pyrites represents about six-sev&fths 
j of the sulphur material required by the sulphuric acid industry.* 
Prior t’o the war it was imported in a form containing i to 3 
per cent, o'f copper.- , 

Tjhc biirnt residues from pyrites, knov'ii as “ purple ore,” 
were passed on to copper e.vtraction works, and the resultant 
product l^=ndcred suitable for use in blast fu\iace.s (“ Blue 
Bill,v”). 

The production and use of cinders for ipty-iQiS are given 
below:— *’ 



1 D 17 . „ 

19 ]S. 

Pyrites cinders produceil— 

Cujiroiis. 

Non-cuprous. 

TtJlIH. 

{ 609,000 

, Tons. 
386,000 ■ 
130,000 

Total. 

60'),000 

516,000 

Pyrites cinders deliverctj for use in 
blast furnaces— , 

From copj>er-extraction plants— 

Briquettes. 

“Blue Billy” . . . . 

« 

208,000 * 
272,000 

208,000 

211,000 

Non-cuprous* pyrites cinders delivered 
direct to irof works 

480,000 

45,000 

419,000 

66,000 

Total to iron works . ' . 

.,525.^0 

485.000 

Stocks of pyrip's cinders .at acid-makers’ 
works on 3isf Deceml'cr— * ' 

Cuprous. 

Non-cuprous . . • f . 

153.005 

99,000 

i30,coj 
104,000 ‘ 

Total. 

252,000 

6 f 

274,000 


The abo'." figures Jo not include quanlKies delivered under contrivjt to siQteriWg« 
plants, as,these were not in oi)eration. « 
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The production and consumption" of spent oxide (1914-1919). 
are given belowt in tons;— • * 



^ . 

: 1014. 

! 

1 1916. • ! 
Tons. 1 

1916. 


1918. 

1919. , 

6 monthiiV 

* . . 

Received at works. 
Consuropiidn. 

Stock 31st Dee. 

Tuim. I 
: lof.ooo 

1 108,000 i 
31,000' 

110,000 ' 
III,000 

30,000 

• ' 

Ti>i.ii. 

119,200 

1 127,000 
j 22,200 

1 

1 

Tons. 

MS.t'OO 
119,900 ; 

47,<po 

■^lllS. 

107,900 

loO.IOO 

49.700 

Ton*.. 

48,015 
45,^92 
50,986 
(31SI May) 


Sulphur .—A certain anu)unt of sulphur is produ^. .1 by 
the' Chance-Claus recovery plant, but .is used for industrial 
purposes other than acid manufacture. 

The following table shows the approximate (juanthics of 
sulphur imported and used: . , • 


• 

ImfkjrttHl. 

1914. 

1916. 

1916. 

1917. 

ifkis. 

• 

Tuns. 

T'IIIH. 

Tout*. 

Ttms. 

Tons. 

Governiiicia 

Nil 

5,700 

34,200 

52,1)00 

67,^ 

Used ft»r acid manufaihire 

(.5,600) 

(4.000) 

(9,400) 

44,900 

34 ,A>o 

Stock.s, 3i8t l)ec.,m<.iine:Ti- 

(1,000) 

6,000 

29,000 

26,(XK) 

51,000 

iiient sioics and at u.J 






works 

• 






Sulphuric Acid from Chamber-Acid Plant. 

In March 1917 the chamber-acid plant compri.scd 169 
separate works, owned by 130 different firms, and the 
approximate number of chambers^ in us(;, or under con¬ 
struction or repair, was *081 ; time were 353 Glover towers, 
and 425 Gay Ijissac towers. The chamber space per lb. of 
sulphur consumed per twenty-four hours .averaged 16-5 cub, ft. 
In March 1917, when the chambcr-.acid plant rc.ached its 
highe.st prorluction, the output obtained duj'ing that month 
represented an annual prt^luct'on of 1,307,000 ton.s. 

The production o.' concentrated sulphuric acid w.is 334,000 
tons in 1916, and 338,000 toiss in ifji7. "Auring February 
1017, tht»output reached approxiirrately 9000 ton.s per *v%k,« 
which repres^ntsi an aunpal output of 460,009 tons. 

Th*c chief industries in which sulphuric acid was con.sumcd 
'during-191,6-1918, and the ftr.st five months of 1919, arb 
enumerated on next* page. 
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Sulphuric 4 .cid^ froth Chamber-Plants in^terfns of 
' ' 100 per'cent. H2SO4. 

^ 1 ^ 

Sjtmraary fif Uses. 



itno. 

l‘J 17 . 

1918 . 

4 

ll »*9 

(5 months). 


•Ajiik. 

Tniia. 

Tons. 

Tons. 

Explosives .... 

352.131 

'■337,765 

152,193 

5,712 

Dyes. 

I 7 , 73 (' 

9 , 68^1 

9.143 

5.2070 

Accif?*wl{itors .... 

2 , 6 Q 0 

3,145 

3.075 

822 

Alum. 

24.854 

24,406 

26,184 1 

n.2’3 

Rkhromales .... 

8.433 

5,710 

5.316 

1,363 

Bleiu'hinij powder . 

7 o. 4>3 

50,302 

50,694 

10,471 

(.^oppciiand copper pickling 

3 . 3 to 

2,702 

I, 33'4 

380 

Cop|>cr siilphalc 

21.705 

27,032 

30,424 

9,540 

Drug.s and Ific clieinicals . 

3.098 

4,479 

4,225 

1,308 

General t'liemicals 


9,217 

9,624 

3,734 

Chemical waifarc 

Ilytlfiu hloric at id . 

3 ') 

1,122 r 

1,678 

93 

71,872 

53.510 

52,227 

2S840 

2ao6 

26,105 

Iron pickling .... 
Metal tradc^i titlicr than co[)per 
and iron 

54.523 

28,864 

25,406 

3,615 

3,263 

.1,318 

Mi(eral waters. 

2.421 

490 

391 

1,884 

Oil-rclining .... 

23,690 

17,022 

14,840 

7,238 

1,346 

Ihiints and tuuimony colour.^ . 

4,081 

3,667, 

3,684 

Sewage . 

442 , 

307 

723 

1,613 

Soap anil glycerin . 

2,0o!S 

■ 4.060 

S.ff'O 

1,906 

Siigar-relining. 

925 

1.051 

1,067 

517 

Sulphate o( ainnu>ni:i 

253,340 

230,145 

231.092 

116,144 

Sulphates of inagnoiii and ziiu: 

8.347 

9.^35 

8,339 

2 , 7«3 

Sul])hitts and phosphate.s. 

10,717 

1 1 .OOtJ 

12,504 

. 5.015 

Sundries ..... 

6,639 

5,561 

6,006 

2,677 

Superphosphates and compound 
manures 

169,730 

212,209 

270,597 

144,747 

Tar. 

13,704 

14,946 

13,897 

3,683 

Textile imlustrics 

23,211 

15,987 

13.323 

13,484 

Total . 

1,163,533 

1,086,894 

957 , 3 «I 

406,229 


'• Fuming Acid or Oleum. 

The production and main usc.s^ arc set out below, the 
figures given for consumption by tracic being mainly of oleum 
used in the peoductibn of (iyes, line chemicals, and oil 
, refuivig. . - ^ 

It should be .noted that in the followjng ta.Vle,^the quantities 
given arc inclusive of feed acid used, and therefore do not 
tepresent the acid made on contact plant from ra)y materijll 
only. 
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Okum (20 per cent free^ SQj). 


• • 

1*10. 

• 

• 

«rTl»l 7 . 

• 

ims. 

..... ... .• 

, i 

idi 9 

(.Iah. to* 
May luol.). 

9 



e .• 




T'HIH. 

‘i'lHis. 

•'ITiiis. 

Tout*. 1 

PrcxiHction .... 

183.000 

3 f> 7 ,ooo 

28.8,000 

7.500 

Iinix)cl 3 . 

5,300 

1,5110 



T.sul . 

188,500 

3(18, 

288,000 

7,500 

Consumption— 

• 




• por explosive.^ 


352,000 

270,500 

» 

„ IraJe .... 

(.,500 

IJ.OOO 

J 8,000 

• ;^,000* 

exjx) ' . . . . 



1,000 


Total 

iS.S,5ck:) 

3(13.000 

21)5,500 

12,000 

Storks on 3i8t l)ca'iul<T 

1 I ,<>30 

1(1,500 

_ 

'),0O0 

• 

. 

* 1.500 


* N'l) <1alu availnblc. • 


Before I'/l5 it is estimated that the plant capacity for 
* 20 per cent, oleum was about 25,000 to 30,000 tons |)er anntim ; 
whereas on 31st December 1918 the output capacity was 
450,000 tons per a!fi\um of .which approximately 300,000 tons 
was reprcscnlcd by Government plant. 

The figures given on p. 364 represent the .average 
consumption »of sulphuric .acid at all explo.sives manu¬ 
facturers’ works, including Government factorie.s. It will be 
seen that there was a general progress towards increased 
efficiency. 

The Alkali Inspector^ Reports gfvc the following number 
W registered sul^jhuric acid factories in I'ingland and Ireland. 
(No. I refers to lead chamber works; No. 2 refers to works 
concentrating acid m working by the contact process.) 


1910. 

1911. 

11* 12, 

19 

la. 1 1‘Jli. i 

. i • 

191,b. 

19H1. 

1 ear.; 

191.3. 

1910. 

1920. 

1 

1 % 

1. 


.1 

1. 1 

^ 2. 

I. 

2- i 

; 1. 

! 

.~J 

1. 

L..* 

"■ ! 

1 1. 

• I 

1 1. 1 



2. 

ji. 

2. 



ItiO 

t 

90 

149 

• 

•V 

S9 

1 


*'•'4 

^14l> 

1 

: IK) 

» • 

93 1 

|if>i 

r 

n. 

H4 

ISO 

1 

147 

' 137 

4 

' Hii 

1 

I3H 

140 

# 

ito 


• 
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. • Statistics re fating^ to the 

Bulletin i8+ of, the U.S. Burcftu of Mines contains^a 
comprehersive account of tlie nianSfjcturc of sulphuric acid 
ilr"‘hc United States ^roltl^vhich^^c'ou(j>tc freely, All 

figures in metric tons.) The prodiicuon in the United States* 
increased'gradually and steadily between 1,865 and 1890, as 
shown by the following figure.s 


Ytiar. 


rrodiicttcn aa 

60 " Ji. Ad(i 

1865 . 


(Oli '18 jHir emit. 

. 60,000 tons 

1870 . 


. 105,000 „ 

•1875 . . 


150,000 „ 

1880 . 


425,000 „ 

1885 . . 


. 6tXtCKJ0 „ 

1890 . «. 


. • 765,000 „ 


In^the prfiod 1890-1905 many new plants wer,*? put into 
• operation,‘SO that by 1900 the production was approximately 
1,600,000 tons, and by 1905 was considerably over 2,00(^000 
tons annually. Th(» production increa.scd rapidly during the 
next four or five years , ‘and by 1909 had increa.sed to 
2,750,000 tons. Beginning with the year 1911, the U.S. 
Geological .Survey compiled production statistics. Tlie figures 
are given bel 5 w :— 


Year. 

Total ITcxluctioii 

HH W H. Afl'l. 

'J'uUl Valiiii hi 
Uollan. 

1911 

^? 7 oo,ooo tons 

17,3^19.872 

I 9 I» 

2,950,000 ,, 

i«,338,019 

1913 

3,575,000 „ 

22,684,526 

1914 

3,800,000 

2^,479.927 

1915 

4,170,000 „ 

32,6(7,051 

1916 

6,3oo,oco „ 

73 , 5 " 4 .i 26 

1917 

7,200,000 „ 

87440,181 

1918 

'<7,450,000 „ 

(c)t 


• Frt^m tbi) F>corri» of tbc War liiflij^ttlca Uoanl. 
f Not dot«.rim)ied. . • * 


Ingalls* ejtinlated Wigt of^he approximately 1,600,000 tons 
of acid 50° 45 . (62-18 per cent. HgSO,) made in i(jpo, 800,000 
*tqns, or n«#rly 50 per cent, wae used in-fertilisers, 3 20 , 00 ( 5 , 

' fyitural Industry, igo 6 , p. 705. 
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or 20 pe(, cent was used inooil refining, the. remaining 480,000 
tons being used fon pfckling steel and for manufacturing other 
acjd and chemical products. By 1914 tlie production was more 
than 3,500,000 tons, and pf this amount approximately 2,200,000 
ton 3 was ubcd for fcrtilijjcf!^ No c'xact ,data is available 
the 'disposition of the remainder, but it is estimated that, the 
pctroltuin industries required about 500,000 ton.s;''the iron, 
steel, and coke industries, akout 300,000; domestic explosives 
about 200,000; and other chemicrfi industries, 300,000 tons. 
Duriti^, 1915, 1916, and 1917, nlany new plants were built by 
private concerns, principally those engaged in the menufaf^Uire 
of munition.s. The production rose rapidly, as shown by then 
table given above. As the increased demand was primarily 
for high-strength ^cid, many of the new plants were for the 
manufacture of acid in the contact procc.ss. The increase in 
the Jjroduction of 66" B. (9318 per cent. HoSOJ, or higher 
strength j^eid, is given below. 1. 

Tons (66’n.)'*' 

’ Voar. ('.)3i8 |)IT wait. H 2 .SO,.) 


'913 

1914 

1915 
C '916 

1917 

1918 


810,000 

720,000 

1,160,000 

'1,930,000 

2 , 100,000 

2,4oolooo 


The total manufacturing capacity on nth November 1918 
was estimated at 501,000 tons per week (basis too per cent. 
HjSO,), or 9,000,000 toni^ per y’ar (basis 50° B.). Thf, 
Government acid plants comprised 55,000 tons (basis too per 
cent. HjSOj) of this capacity; the plant of the explosives 
manufacturers comprised 58,000 tons, and the remaining 388,000 
tons was the capacity of the plants owned by the commercial 
manufacturers oY fertilisers, cheniica'is, and metallurgical by¬ 
products. Of the total capacity, 40 per cent, was at contact 
aci^ plants, and 60 per cent. aV oharnber plants. 

TTie distribution of the' factories is described by'lne^nsnof 
a map, tables, and list of the individual wbrkr, the greater 
number being in the Eastern and South-Eastern States. The^ 
proportia" in which the various industries were msing aoxl„ 
dunng'the summer of 1918 is shown on next page. 
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REGARDING Sulphur ores 

• I 


367' 


• ♦ 

• r 

Ari<] iiBml in 


• 

lD(lustr>. 

Tuim l»r ffuiitti 

Totih Vi-ar 

r(«rceutaK« uf 
total Acid used. 

{100 pf'rrt'iit. 

{as r.ff » ). 

• • 

UoSO^). • 


• 

Hi^-i''xplo.'5ivcs (iiiililary and 

* 

• 140,000 • 

• 

2,700,000 

• jti-o • 

uitfneslu') * 

• • , 



2 . Ftrtiliserf .... 

111,000 

2,1 ;o.oo<.) 

’ 28.4 • 

3. Oil refincrks .... 


(>71,000 

- S-S 

4. Clicmiials, dnij'.'., and am- 

3*,500 

740,000 


monii'.in sulphate 




5. Sled pickling ami galvanising 

• 3 b,S 00 

700 ,CHX 1 

9-3 

% Fabrick, textiles, etc. 

7. Paints, lithopone glue, etc. 

^200 

1 OO,(X )0 

1*3 


104,000 


.Melallury^ il prcKlmTs, inchid- 

15,200 

292,000 

3*9 

“^irg storage iKilteries 




^9. MlsccUancuus. 

3,^ioo 

73.000 

1*0 

Total . . 


7,510,000 

• • 

^ 100-0 




This table ^shovvs (eliminating the acifi used for munitions 
and eKplosi\a; 5 , and allowing 10,000 tons per month for 
domestic explosives) an indicated reejuirement for noifial 
peace industries of possibly 260,000 tons per month (basis 
too per cent. II„St)j), or .about 5,000,000 tons [jer year 
(50” H.). 

Prior to the war, the consumption of acid for iertiliscrs 
Vas about 2,5po,ooo tons of 50' 15 . (62-18 per cent. II.^SOJ. 
Up to June 1919, the consumption for this purpose was 
2,500,000 tons, or more than 50 per cent, of the total 
production. 


Sulphur-beaflng Material used in the Manufacture 
of Sulphuric Acid. 

• 

During the early years of the sulphuric aciii indirstry, brim¬ 
stone was practically th(* only sulphur-bearing raw material 
used. In 1882,85 peiArent. of the acid waH made from brimstone, 
and in 1895 about 75 ^r cc*t. From tliA^imc on pyr^es 
befjfin^ tc 7 »be gsed more and more^ resulting by 1900 iiT the * 
almost^corapli^e <limin!itu)n of brimstone for <«;id manufacture, 
except in special cases. The production of acid as a by- 
pr«duct in ihe .smelting of zinOorcs began in plant 

at La Salle,^Illinois, asid the pr^tice has become almost genei^l 








^rr^^ONS^OFmfLPmRlC 

' in the kt twenty,years attthe .inc plants*. i„ .the I,ois fidd 
In 1907, the pratttid of iMnufacturing acid from the 
^ases of a copper blast-furnace was maijgiimted, followed by' 
the use of pyrrhot/te^M' 1908./In 1914 the acid.prodiiction 
■ of'the ccSuntry was f,o|)th,'ned frofn'tl*e following ,sour^<Wr 
• approximately the following amounts:— , 


0 

Tons of 60 ’ B. 
Aci«l. 

Percentage of 
Total. 

From brimstone (approx.).... 

100,000 

l» 2-6 , 

From pyrites— 

(rt) Spanish pyrites .... 

1,900,000 

500 

Domestic pyrites “ coal brasses ” and 

600,000 

15-8 

pyrrhotite 

(c) Ginadian pyrites .... 

300,000 

7-9 

hrom roasting zinc ores .... 

500,000 

132 

from waste gases at copper smelters. 

•to- ,000 

10-5 

ir- Total. 

3,800,000 ’ 

100-0^. 


( 


During the rapid expansion of the mid industry between 
1915 and 191S, many of the new plants were built to utilise 
brimstone alone. In 1917 the use of brimstone was 
augmented still further by the partial curtailment of the im-#* 
portatioii of Spanish pyrites; brinnstone being substituted 
for pyrites at many plants, and used also to supplement the 
production from plants making acid from zinc ores. In 1917 
the acid was produced from the following raw materials, 
approximately as below :—i ^ 


• 4 

Tons of 60 ’ B. 
Aciil. 

Percentage of 
Total. 

From brimstone. 

From pyrites— 

(«) Spanish jjvrilcs 

(^) Domestic^pyrites “coal brasses” ,^nd 
, pyrrhotite ^ 

(<•) Canadian pyrites .... 
From roasting JMte ores . . . *■ . 

From waste gases at copper smellers. 

2,350,000 

* 1,650,000 
850,000 

500,000 ' 

t «t,300,001/ 

550,000 

32-6 

22-9 

Il>8 

• f c 

6.9 • ♦* 

l8*i 

.. 7-7 

' Total . . 

;,200,000 

‘^lOO'O 
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it curtailment^ of Spai^sh imports took place in 
1913, and the prochiction of acid^was ot)tai^d apprdScimately 
as follows:— * 


trom brjipstone 
From pynles— 

(rt) Spanish pyrites • • • # 

{( 5 ) Domestic pyrites “coal hij^scs" an« 
• pyrrhoiiie 

{c) Canadian pyrites . . j/ 

From roasting zinc ores 
;^<>m wiftte gases at cop]jer smelters , 

• Total .... 


■».—■ 


T%8 ufW B. 

P(«rc('nUii;ii of 

• Aci«i. 


‘ . 



■■■■*“ - 'h 

3,580,000 

4«'o . 

• 


570,000 

7 -() 

«) 5 o,ooo 

12-7 

550,000 

7 - 5 , . 

1,200,000 

]()•! 

(>00,000 

8.x 

7,450,000 

100-0 • 


The following' fifjprcs show the quantity of pyrites reqi^ired 
to operate all plants in the *Unitefi States equipped with 
pyrites,burnej^?‘:— # 


Zoiio. 


Lump or Fiirnac^n 





• 

Ixiiig Tiuih. • 

r«rcdiitago of 
Total Finofi. 

IvODg Tons. 

r«<rc(’Jilag« of 
Total Lump. 

^ I (Atlantic Seaboard) . 

290,000 

(>o -4 

135,000 

* 37-5 


53 .’->oo 

lO-'l 

(• 5,000 

18*0 

3 f . , . 

27,000 

5-5 

19,000 

5-2 

4 .... 

57,000 

120 

138,000 

37-8 

5 and C . . . 

53,000 

11-2 

5,000 

1-5 

Total . 

480,0^^ 

1^0 * 

360,000 

100 0 


The importation of Sjianish pyrites into the United States 
is given approximateiy, as follows:— • 

To*h. 


Prior to 1890 . • . . . 

. 20,000 ptr annum 

1890-1900 . • . * . 

. iOO.OOO „ 

1900-1910. -1 . , 

. JoOjOOOb » „ 

1910-1914. . . , ' . 

J 900,000 „ 

i 9 i 6 .. . ... 

. 1,200,000 „ 

1911 . • . . 

. 750,000 • „ 

1918. 

. 270,000 „ , 


’ Cullctin 184, p. 39. 


2 A 
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From statistics compiled by the U.S. Geological Survey, 
the profiuction pyrites iij^ the United States has been &s 
follows:— , t 


Yiiftf. 

( 

^ons. 

^ Year. 

t , 

TotW. 

c 




1911 

299,904 

191S 

394,124 1 

1912 , 

350,928 

1916 

423 , 5 '/> 

iyi 3 

34 >,J 38 

1917 

462,002 j 

I'JI 4 

336,002 ‘ 

1918 

>> 

4 f' 4,494 

-U-.—' 


'Canadian Pyrites.—W'wx to 1910, the production of pyrites 
in Canada was less than 50,000 long tons per year, of which 
approj^imately 30,000 tons was shipped into the United States? 

lONCIWS 



The production has ii'icrcased, from i 80,000 tons in 1912 to 
at 5 ctf\t 300,000 tons in 1917. In 1917 the impor,tr into the 
United States „were about 180,000 t,ons, apd' in 1918 were 
nearly 225,000 tons. The sulphur content of fhe Canadian 
ores diwing the past few years, has been low—averaging alwUt 
37 pey cent. 











srXTi^rcs regarding sulphur ores sn 

* . • . * 

Pyrites from Coal {Qoal Br<{;;ses ).—The possible yearly* 

^»duction of 'pyrites containing 40 jAir ^ient. sulphur from 
coal mines of Eastern States, is estimated at 1,500,000 
tons. * - ^ 

Smith * gives the graph on p, 570 sjiowing the«produftion 
of suiphur from 1880 to 1918. > • • 

Canada.—According to, the h'inal Report of the Nitrogen 
Products Committee of the Ministry of Munitions, 1920, p, 110, 
the productions, import.s,.:j»nd e.\-|)ort.s of siilpluiric acid 
Tp19) were as follows :— / , -• * 



lUtit. 1 

1 


Hlmrl Tons nf 11000 lb. 




im;!. 1 

Il'lB. i 19M. 

! 


1 ll'ld. 

1 

, 1 

1!M7, 

IlMK. 

IflIO. 


Home prtHliitlion In 
terms of (>(*" If. iicitl 
— 93*19 per (Ciil. 

Im|x)rts ., . 

444'51 

i 

47,22;'41,919 

1 1 

! 1 


*24.920 

1 

.iSJuSSo 

1'40,621 



2,4Sf' 

1 721 l()h 

MI 

2,403 

1 2I() 

5.9S4 

1,437 


hxjwrts . . . 1 

1 

1 1.247 3,743 

9.035 

1,57'' 

I 9.47s 

5.600 j 

•447 


Slitiistics coinjiilct! from offiiiiil iiiiMicati.HR of 
of Mines, Caninla. 


' It is clear, that the |)ro(hiction of numitions of Canada has 
led to a snbstanti.il e.\pan.sion of the sulphuric acid industry. 

According to a paper on the History of Sulphuric Acid 
Production jn Canada pre.sented to the Toronto Section of 
the Society of Chemical industry,, 2*6th November 1920, by 
■^j. Bowman and^A. Ncigliorn,- the first sulphuric acid ()lant 
was built in Canada soon after the discovery of petroleum in 
1868, by the Canadian Chemical Manufacturing Co. In 1887 
the factory was burned down and rebuilt with three lead 
chambers, 120 x 20 x i8ift. 'I'he .second Canadian plant was 
built in 1870 at the ■Oinario Chemical, VVorh.s, followed by a 
plant of four chambers at lirock^ille, Oiftario.* • 

The V^chols Chemical' Co. built.a large plant at Cap!»ft)n,, 
Quebec, about 1^87, ape^ in .895 the Victoria Chemical Co. 
established plant at Victoria, British Columbia, which is 

> ‘ Mineral R^ourccs of U.S.A., I<ji8, Part 11 . • 

^ Soc. Ciem. Ind. ((liivktv), 1921, p. 230. 
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•still in e^jistence. In 1907 0he chamber system of the Nichols 
Chemical Co., CapV-jtoh, Quebec, was replaced *by 'the contact 
system, and other plants were established,, by the same 
Company at Sulphide, QiCtario, ifl 1907, and Barnpt, British 
Colombia, tin 1909. ,Thcsp are tho ojjly contact plants 
•Canada at the present tKae. ' 

In* 1911 the Qraselli Chemical Co. erected a chamber plant 
at Hamilton, Ontario, which concentrates the acid to 93 per 
cent, by the cascade system. Ire 1912 the Algom^^ Steel 
<iorjiorq.tion of Sault St Man\, Ontario, erected a Faldin§ 
high chamber plant, which is still operating. Additional pl^ts 
have been built in 1915-1918 (for particulars see original p2J^er).,| 


Germany. 


1 Year. 

Rulplmric AciJ. 

Iinpt)rlBtluii. 

Exi>orUU(A 1 ^ 



Tons. 

Ton*. 

1912 

98,573 

. 75.962 

1913 

130,256 ‘ 

64,96ft 


Y'tiar. 

100 jHir cont. 
Acid produced. 

TyriU'S 

bunietl. 

Blentlo 

burned. 

OtbcT Ort^s, Spent 
Oxide, Sulphur and 
Hydrogen Sulphide. 


Tons. 

Tr.i*. 

Tons. 

Ton*. 

I91I 

1,500,230 

916,265 

479,329 

104,583 

1912 

1,649,981 

981,556 

554,750 

79,892 


1 

Yrf.r • 

1 Cindore obU.invd. 

1. *___—- _____ 

• i 

From PyTi*«Si 

Lead Oms, oto. 

From Blende. , 


Ton*. 

Ton^. 

I9II 

750,202 

403,405^ 

p’ 19IJ 

809,785 

470,347' 
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Numter^of SulphmU Acid^Factories in Germany. 

- \ .- 1 - -—li _ 


Year. 

^ ‘Wi. 

Leati Cliambor. ^ 

Contact Work#. 

Worka emploj^ng 
both Proceaaot. 







II 2 . 

80 . 

, • 7 

• .7' 





• 1 

1912, 

109 

83 * 

8 

, 

IS 


^ In the year 1913, eighteen new sulphnric acid facinries 
were erected for suljrhuric acffl, and one for anhj'dridc. •• * 

y\ctoiding to the Z. angnv. Chan., iith July 1919,' 
prior to 1914 copper pyrites and zinc blende were by far the 
most important sources of sulphur for the manufalture of" 
sulphuric acid. In 1912, 262,700 metric tcvi.'j of coi»pcr pyrites 
was produced in (^ermany, and l,073,C35 tons was imjrortcd, 
84 per cent, of which came from Spain, and the reiriainder 
from^l’ortug.il, Turkey, Norway, and France. In the year,* 
982,000 t -tis of copper pyrites (109,000 from Germany), 550,000 
tons of zinc blende (410,000 from Germany), 44,50o*ton.s 
of sulphur containing copper and lead ores, and 35,500 of 
material from the purificafion of coal-gas, were ii.sed in the 
production of 1,650,000 tons of 100 |)cr cent. lI.,.SO^, and 
470,000 tons of zinc oxide was obtained among other products 
from the abo»c amount of sulphuric acid. 

In 1913, Germany imported 46,636 tons of sulphur, 85 per 
cent, of which came from Italy. 

Prior to 1915, the supply of sulphuric acid in Germany • 
V’as derived almost cxft^sively'' from the sul|)hur contained 
in imported pyrites, but some was obtained from the ga.ses 
evolved in the roasting of zinc and lead ores.- When foreign , 
supplies were cut off, deposits of pyrites*at Me.s.scii and 
elsewhere were reopened; spent oxide was utilised more 
efficiently and u.sc was ^ade of substances iike kicserite and 
gypsum. The pre-war consumption^* of elementary sulphur 
was about 45,000 tons per anftum. De|)o.siT:s*of native .sujphur 
ir, Gerftihny ,are scarce and of lotv grade (10 per cent.)! Bjt 
redugng gyjpstm to •calcium suljrhidc, j»nd burning the 

I * J, Soc. ^hem. Ind. (Review), 1219, p. 352. * • 

* * Z. an^kw. Chem., znd March 1920 ; /. Soc. Chem. Ind.^nfpiew), 1920, 
p. 134- 
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■hydrogenj sulphide obtaine (5 to water and, sulphjir, 30 tons 
per day, was obtaiifed ‘in at Berneburg .} 

^ The wages per hour pidd in the Germap Civeralcal Industry 
are given as follows 1^ o 


• #* 

• 

19M. 

1917. 

1918. 

- 

Dec. li)i8. 


i'. 

l*f. 

Pf. 

Pf. 

Locksmiths .... 

47 

, 68 

«5 

155 

Anisims in building tnidc 

45 . 


77 

130 I) 

'BoiWr foKinun and inathinists 

42 ^ 

56 

69 

127 

Foreman. 

42 

54 

67 

i 124 , 

Laboratory hamls . 

3S 


6y 

113 

Outdoor workers 

34 

4« 

67 .'3 

Juvciiilt^ workers 

42 

5 2 A 

f>5 

Female workers 

».. ^ . 


37i 

451, 

80 


According to the Z. nngcw. Chem., Cth October 1920,'“ the 
number of</cgistcrcd chemical plants in Germany ^luring. 1919, 
and the total number of employees, and the percental decrease 
in the number of full-time workers compared with 1918, were 


as follows:— 


t 

. 


I'laiilH. 

Ktiiiiliiycns, 

l'’uU-tini« WorktiM. 

Ib'rruas*. IVn'PJilAfCf. 

Berlin . . ■ . 

2,518 

68,393 

7-31 

Breslau .... 

1.235 

26,377 

20-84 

Hamburg .... 

2>043 

72.859 

27.89 

Cologne .... 

, 2,562 

121.537 

31-85 

Leipzig .... 

2,6<;2v 

-•■25.559 

12*04 

Mannheim .... 

1.325 

*■ 50,615 

12.80 ^ 

Frankfort, A.M.. 

1,081 

51,198 ' 

2-70 

Ntirnh>erg .... 

1,648 

27.623 

13-35 

Totals *. 

15,060 

544,161 

Average 16*10 


In 1918 the»c .werel 5,204 plants, fnd the decrease of 1-95 
.per'^ent. in 1919 is ascribed rnainiy to the loss ,‘»f Alsacc 
Lorraine. The , table following‘•gives .statistics covering the 
period 1913-1919. ' , 

' CheMrffe.'.., 27lh January 1920 ; J. Is’ec. Chem Ind. {Review), 1920, p. 1^3.1 
,* Abstr.J. Soc. Chem. Ind. (Review^^MjZO, p. 399. . y 
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Vlautn. 

\ ^ 

« 

Ko. of Fnn*tlniP 
Workeifi. 

'I % ■ 

Wages Barn«r£ 

(in mafksV' 

• 

AvoragoVcarlv Wage 
of FuiUtlme Workor 
(in marks). 

I9«3 

» 15,042 

277,629. 

jftl.i20,206 

• 

1,266 

i». 1914 


24.4,980 

Jt3.?o8,lo8 

*1.274 • 

iV5 

'4,9'4 

219,646 

29/,21^,251 

. . '.344 

1316 

14.993 

256,420 

J.5,783,261 

'.t93 ‘ 

1917 

' 15.»29 

334.851 

652,877,501 

•1,950 

. 1918 

15.204 

360,256 

889,141,02$ 

2,468 

1919 

15,060 

294,766 

1,064,782,786 

3,1.12 

__ 

__ 

-- 

—.• 



r ^ . 

The Report of the Ikitisli Mission ap])ointe(l to visft enemy 

chc' lictil works in occupied zone gives the following figures' 


Outl'ut of Sulplimic Acid in Metric Tons per Doy. 



lal l* • 

• 

• 

IRlK. 

Leverkusen*. 

34 » 

470 

Hiichst .... 

224 

2S0 

Ludwigshafen 

• 275 

4-0 

V.‘cilcr-ter-iueer . 

. . 48 

60 


Upper Silesia.-,- According to J. Soc. Citc/n. /nd. {Kcvieiv), 
1921, p. 257,wn 1913 Upi'cf Silesia produced 255,5X9 tons of 
acid of 50° 15 . (106° Tw.), or 9 7 per cent, of the total (iernian 
production, and 3137 tons of anhydrous li(|uid sulphUr dioxide. 
In the first .six months of 1919 and 1920, the outputs were 
52,887 tons and 87,960 tons respectively. 

Austria-Hungary.— In 1902 four works had introduced the 
contact proccs.s in Austria, and tf\p production was about 
^2'-0,000 tons (.strength nr^-^iven).- In Hungary in 1909, there 
were nine work.s^)roducing 240,000 tons of O.V. per annum. 


Ytsar. 



• 1 

Itxportaliuti. 



• 

'J'ullH. 

* 

Tons. 


1912 

OrdiiRirji snlj lunic iitid 

36,501 


10,066 


I'liniing O.V. 

.*'3 


150 



• 


• 

14.805 

97 


i'i'j 

Ordinary siiljkkurit ;Uid 
* I' Uining O.V. 

24,886 

• 36 


jt 

_-.1 

• • • * .1 

- - 


— 



• ' Chem. and Met. Tny., .September 1919 ;,/. .W. Cf ?/«. •Jnd. (Review^, 

, I?i 9 , P. 39S? • * 

* Z. angeff, Chem., 1903, p. 215, ; 









576 APPLICATIONS OF S^LPHURld ACIdLs/atistics 

• Pranof.— According to dm. ind., tpn^ ». 416, ths 
consumption of pyVitel and produstion of acid, m calculated 
from the former_on the basis of 45 tons =16® tons sulphuric 
acid, has been:— , ' . * 


•1 • 

Tflar. 

PyrftflB * 
coiuiumod. 

8ulplinrio> ctd 
manufactured. 

Year. 

Pyrltca 

conaumed. 

- 

Sulphuric AA;id 
mriuikcturad. 

1900 
« »9or 
19M 

1903 

1904 

Tojih. 

397,000 

461,000 

423,000 

408,000 

426,000 

Toiih. 

883,000 

1,024,000 

940,000 

907,000 

947,000 

> 

1907 

190S 

1909 

Tons. 

518,000 

589,000 

615,000 

592,000 

508,000 

Tuns. 
I,I5i‘'',ooo 
1,308.000 ' 

1,366,000 
1,317,000,^ 
1,130,000 


According to,. Chem. hid, 1912, p. 78, France in 1911 
manufactured 1,350,000 tons sulphuric ?cid (113-116° Tw.) 
in seventy-three acid works, mostly from pyrites; only 30,000 
tons was n?,ade from zinc blende, and only two 'works burned 
brimstone. ** 

Most of the factories worked the lead chamber process; 
but the Societc St Gobain, partly by the contact process of the 
Badischc, and the Malctra and Kiihimann Companies, by the 
Grille Schroder process. 

According to census taken on i.st June 1920,’ there were in 
operation 98 out of 127 chemical plants (i.e., 77 per cent'.), and 
the resumption of work was increasing steadily, especially in 
the Nord Department, which suffered most during the war. 
According to Schweiz” the annual output of .sulphuric aeid 
was increased from the prd^war &-,„'arc of i million tons 
2 million tons. 

Belgium. —'I'he production of sulphuric acid in 1911 was 
about 300,000 t:)ns, calculated as acid of 60” B. (142° Tw.). 
There were in tha*^ year twenty-six factories working with lead 
chambers of about 400,000 cubic metre contents. 

According to L’lnd.' Chim., December 1920,''’ the supplies of 
sulphuric acid ffre" very short,'the production in the Gand 
"district being at the rate of ^0,000 tons per annum, as compared 
with the pre-war output of 125,000 ton.s. ’’ 1 

, * J. Soc. Cium. Ind. (Review), 1920, p. 272. 

’ CkemtZtli,, loth September 1919 1 J. Soc. Chem. Ind. (Review), p. 397. ’ 
y. Soc. Chem. Ind. (Review), loS, ' <> 
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, Accordkig.to 4he Chatt. Trade]., 2nd July 1921, Jhe follow¬ 
ing- figuresVre abstracted from ^ Repoft oH the U.S. Bureau of 
‘Commerce , 

laao. 

Metr'c * 1119 . Metric ^ou 8 . 

Sulphuric aciA . , 6oo,^<x# ^ 400,000 

Accoiding to U.S. Com. Rep., 2 ik1 July 1921,’ although the 
Mines et Fonderics de Zinc de la Vicillc Montague—the 
largest zinc company in *Europe—produced only 10,000 tons 
*of sulphuric acid in 1920, as/coinpared with ioo,oo§ tous in 
1013, the production of sulphuric acid throughout Hclgiuin was 
sat.sfactory. The Socicte do la Nouvellc Montague produced 
19,223 tons of sulphuric acid. • 

Italy.—According to Z. angew. Chem., 20th Jung 1919,’ the 
production of .sulphur (in metric ton.s) iji as follows:— 


Y«ar 

i 

Crudi*. 

UoDihmI. 

Onuini]. 

1910 

430,360 

169,093 

171.570 

1914 

337,843 

149,100 

if) 5 , 3(>2 

1915 

358,>07 

116,358 

140,414 

1916 

269,374 , 

50,900 

I 2 , 2 oO 

I 9 if 

211,847 

7 i, 5«5 

44.320 


According to “ Economista,”-' tl\e production in [919 was 
37i75o long tons less than in 1918. 

According to Molinari,"' prior to 1915 Italy produced about 
318,000 ton.s of sulphuric acid, about 80 per cent, of which 
was used in the manu^cture of .stipcrphosphates, and only 
about 18,000 tons for cxpii%ive.s. In 1916 Italy consumed over 
160,000 tons for explosivc.s. 

In Germany, the pyrites used is utilised efficiently (the 
cinders containing not more than 0 8 to l per cent, .sulphur), 
and the leaden chambcrs»praduce up to 10 kflcjs per cubic metre 
of space per twcnty«four hours; whereas in Italian works the 
cinders contain 3 to 4^ per cigit. sulphur, and,the output does 

not reaqig more than 4 to 5 kilos p<y cubic metre. 

■*’ . • 

Soc. ChaiLtind. (K»iew), 1^21, p. 294. 

* ]. Soc. (Jfem. Ind. {Review), 1919, p. 293. 

* /. Soc. Chem. Ind. {Revicju), Ig20, p. 275. 

* Anna/t de Chirnica idppUcata, 1917, pp. 13-14; /• cflrwr. Ind., 
1917, p. 107/.. 
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• Swltz^land.—According^ to C/ievi. Zeil, 20tl^, February 
1918,' 14000 tons oi sulphuric«acid )jras imported pj^^br to IQI'S. 
^ A large factory is beings erected at Basel. / 

According to Chem. Rui., Jupe 1910,^ the imports and 
cexpoUs of fulphuric add, h; metric ton.s. were:— *• 

c . *. . c < *■ 

'c lais. nils. • 

' Imports, . . . 5660-5 2276-8 ® 

' Exports . . . . Nil 84-1 


Russia. —Suler'* makes the follbwing statements esn the* 
a'nnttal production of sulphuric acid in Russia, the unit being 
acid of 54'' B, = 120° Tw. ” * 

By the U.shkoff Works, 20,000 tons; by the Tentelew • 
Works, 24,000 ton.s; in twenty-five other work.s, 112,000 ton.s. 
There wasf hardly -any importation from abroad. The raw 
material was mostly Si'Iician sulphur formerly, but now it is 
pyrites, which is got partly in Russia (Ural, Caucasus, Donetz), 
but mostly imported from Spain, Portugal, Sweden', and Nopway. 
Most of the sulphuric acid is consumed in the I?!tku district ' 
for purifying crude petroleum and lubricating oils. 

In 1908,^ Russia produced 163,800 tonsnordinary, and 4500 
tons fuming sulphuric acid, corre.sponding to an- increase of 
66 per cent, within the la.st ten years. According to Chem. 
Trade 1911, p. 230, there are sixty to .sixty-five sulphuric « 
acid works, including tho.se where it is only 'a by-pi\3duct 
(petroleum refineries, colour works, etc.). The annual produc¬ 
tion is about 200,000 ton.s. According to Chem. Trade /., 1914, 
p. 353, the production of sulphuric acid (strength not given) 
in 1911 was nearly 230,000'tons, importation 2735 torn* 
In 1912 the production was 256,oootons. F.ight factories worked 
with contact procc.ss; four of these used the Tentelew system, 
Adcording tooChem. bid., 2Qth June 1921,** the production 
of sulphuric acid iu Soviet Russia has been as follows ;— 


ProiJiuttlou. Actual Production. 
Tons. Motrlo Toii«. 

Seven F.sctorie? ' . 24,037 •- 114,157 


Percentage. 

63-6 


‘ J. Soc. Qiem. Iml. (ftevieiv*,, 1918, r 178. , 

* J. Soc. them. Ind. {Review), 1920, p. 297. ' 

“ Vern. V. Intern. Kong.f. angew. Chem., 1905,1, 747. 
9 i.cm. /.eit., 1909, p. 765. „ “ 

• “ J. Soc. Chem. Imi. {Review'l 1921, p. 314. , i 
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. Rotunania.— Afcording to ChXi. Ind., 28th July J920,* the' 
twfcr. sulphufcc acid factori^ hinfe a tcAal tapit^l of ;i8o,oc»; 
they emplo^ «• maximum of I2ct men, and their annual 
^roductioa is valued at ;^32*poo. • ^ 

Fpland.—According fo /. Soc.*CJttm. Ind. {Review), ^g 2 i, 
p. 298, there arc ten sulphuric aci« factories in I’olaiKi.' As 
the cost of production of sulphuric acid in» Upper SJIesia as 
a by-product of the zinc smcltift^ industry was much lower 
<han that made in Poland ftom^ryrites, much acid was imported 
from Silesia. • * 

Norway. —According to Z. nngcu'. Cliciii., 3i.st October 1919,^ 
the output of iron pyrites in 1915 was about 530,fX5f) tons; 
in 1916 it was from 200 , OCX) to 300,000 tons, at which figure 
it has remained since. * • * 

According to ♦he U..S. fom. R’f., 20tb April ^921,^ 
the exports of pyrites, ores, etc,, were 316,531 metric tons in 
1920,«.s com.pared with 460,436 tons in 1913. • 

Sweden.— In 1911, 126,810 tons of sulphuric acid, calculftcd 
as 50° 11. (106'’'Pw^, was produced in nine factories, one of 
which makesJ'uming sulphui'ic acid. 

Denmark.— A xordiiig to the Z. nngtw. C liciii., 2nd January 
1920,^ the wages [laid in ore (100 ore = rs. il.d.^ per hour 
to sulphuric r*;id workers was 46 6 in 1914, and 118 9 in /\i)ri! 
to June 1919. 

Spain. —According to the U.S. Com. Rep., 15th April 19’2I,'^ 
the production of sulphuric acid in ^1920 was 73,379 metric 
toys. • ^ ’ 

Turkey.— A«:ording to the /US'. Com. Rep., 28tli October 
1919,'’' the manufacture of ll.,,.S04 in Turkey, even as a by¬ 
product, does not jiay. • 


India.— J. Roc. C/iejii. Ind. {Rcviezv'p 1919. P- 305 - 
Abstracted from the bidustrial Handbook" of the Indian 
Munitions Board, 1019.^ 

',/• ■''HO Ch^m. Ind. {Hevhw), 1920, p. 422. 

Soc. tnef (Review), 1920, p^7- 

J. Roc. Chem. Ind. {Review), 1921, p. 282. 

* J. Soc. Chem. Ind.^Review), 1920, p. 133. 

‘ J. Soc. Chem. Ind. (Review), 1921, p. 351. 

“ J. Soc.'Chem. Ind, ^Review), 1920, p. 66. 
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In dfifault of iron pyrites, an expensive (-high-grade 

sulphuric acid is^n^ad^ from fiilici»,n or Japanese^ulphur,'but 

a .cheaper acid ,is likely"'to be manufacfutcd Mrom sulphur 

dioxide obtained in the,ro(isting of Burmese zinc concentrates. 

* Progress irt sulphuric ^cid’ nanufacfUre ,is shown by the ^apid* 
*fall In the ariioilnts of im^'rted acid, which stood at 3196 tons, 
worth';<^36,664 iiv 1913-1914, and at 21 tons, wortff £978, in 
1917-1918 ; whilst the amount of imported .sulphur rose steadily 
during the same period from 63i7 tons, worth ;^3c;,894 t^ 
t>785 tons worth 11,790. 

Dutch East Indies.—According to /. Soc Ciietn. kid. 
{Review), 1921, p. 222, the imports during 1919 includer/'thej 
following:— 


' a 

Sulphur . 

Metric Toils. 

3293 

Value. 

L . 
4.3,910 


Sulphur Pyrites 

9160 

48,1.80 


Sulphuric Acid — 
Commercial. 

914 

17.4^ 

• 

Refined 

38 

1,210 



South Africa.—Owing to its connection witli the manu¬ 
facture of explosives, the sulphurii acid industry is one of 
the most highly developed in the union.''' The five firms 
engaged in it produce about 53,000 tons of sulphur trioxide< 
a year, most of which they consume them.sclv'es, .so tliat in 
tlu; year 1916-1917 only 29C4 tons of sulphuric acid was 
available for disposal. 

The manufiicture of, ammonium sulphate requires about 
2500 tons of commercial acid yetw^, and the cyanide process, 
for gold, about 1800 tons of arsenic free acid. ‘Minor quantities 
are used for making .saipcrphosphatcs, splitting fats, etc. 

Messrs Kyiioch, Ltd., advertise a chemically pure acid, 
which conforms to the standard of the British I’harmacopoeia. 

According to S.A./. hid., Novetnber 1920,'the imports of 
sulphur in 1913 and 19(7 were as follows;— 

, 1918 . 1817 . 

Sulphur—long tons . . . 2,672 , *^99 , , 

Pyrites „ . . '. ,21,903 v ,18,465 

Sulphuric Acid—lb. . . . 291,976 i’i 7,425 

' S.Tf! J. *^nd., February 1919 ; J. Soc. Chem, Ind. (.Review), 1919, p. 1^5! 

J. Soc. Chem. Ind. (Review), ipaSt,* p. n. ' 




Five factories ‘produce suIphAic acid for their‘own use, 
and for tr«e,*when sup*plies of pyritcj aijd railwaf facilities 
are availablV Jhe present deman^l for pyrites amounts to 
1650 tons per month ; shortly it nia^ be 3500 tons. • 

i Deports of native snJpTiur are "known to occur ii^ the^ 
Unit'.a, but none coukfbc worked pr^tiTbly. Jiailway facijitic!^ 
are neede^l for the development of flie massive pyrites deposits 
occurring in the Areachap Copper Minc’k. Dissaminated 
pyrites is plentiful in the ^old-bearing rocks and in the coal 
^ines. It is estimated that/diiring the next year coking 
plants wiy supply about 450 tons pyrites per month.* I’yritic 
au>‘ferous concentrates derived from the sandstone reef, 
afforded a monthly supply of 400 tons jryrites in iskip, and* 
it is thought that su|)plies from this source can be increased 
to 1000 ti''ns. , * * * 

According to ^he U.S. Com. Rep., 12th March •1921,' 
only 7-1 tons of sulphuric acid was imported in 1919. , 

Austria.—According to the Final Report of the Nitrogen 
Products Committee, Ministry of Munitions, 1920 (p. J08), 
considerable ejuantitics of sulphuric acid are manufactured 
in Australia. * • 

Obina.—According to Z. (xupeiv. Chem.,2w\ July 1920,- 

the three sulphuric acid factories which China po.ssc.s*cs are not 
sufficient farther daily requirements of ILSO^, estimated to 
amount to about 1000 lb., and sup|)lic.s are imjjorted from Japan. 

Japan —The Sulphuric Acid Industry .-—The development 
of the sulphuric acid industry has made great progress during 
the last decade.’ Wherejs in 19IP tlfc production was less than * 
cfo long, tons, in 1915 it rftic to 219,543 tons, and in 1918 to 
566,607 tons. The production in 1919 is estimated at over 
580,357 tons. In 1915 and 1916 the exports increa.sed very 
greatly (1915, 5913 tons; 1916, 11,165 to”'’) kirgdy owing to 
the demand from Russi*; since then they IfSiyc receded, and in 
1919 only 2390 tonsjwene shipped abroad. The chief countries 
which derive supplies from Jai:^jm are (^iina,J.)atch India, .Straits 
Settlem^|its, and Hong>-Kcng. Kgypt imported a. little»acid 
from Japan ih^ipiy ^nd 19118. * ^ 

‘ J. Soc. them. Ind. (Review), 1921, p. 179. , 

' » • /. SeK.fChem. Jnd. (Review), ifto, p. 307. ■ » • * 

, ’ Chem. ^.,6i^OQ.V>'6tx\^20-, Soc. Chem. Ind.(Revtew),t<^o,f.^'iy!. 



weat'progress was ma* by the Japanese suiphuric add 
industry 0uring the ^r, and at its 'dose in ijii^there were 
thirty-eight factories, repr^enting a total capjfal ^ ^544,162 
(yen = 2s, o|d.) 'and emp|pying 3113 workmen. The output 
.fronv 1914 to 1918 was'as. follows’ 


« 

\l Long Tons. 

^ • 

^1914 . (. 

211,118-3 

309.439 

1915 . 

. • 219,654-8 

484,375 

1916 . 

348,8*0-7 

1,117,021 

1917 . 

!) 46,776-0 

1,520,584 

1918 . 

569,830-6 

2,003,164 


I) 

In 'I918 the production consisted of 120,38J tons of 
chamber acid, 26,741-3 tons acid of 160° Tw., 16,688 tons of 
164" Tw., and 40,810 tons acid of 168° Tw, The raw materials 
u.sed in that year included: Pyrites 327,00b tons (25,535 tons 
zinc blende), nitre 5177 tons, and coal 33,271 tour. The home 
consumptio'n of the acid amounted to 499,900 toi^ of Which , 
9809 tons was used for making Glauber’s .salt, 500 tons for 
soda ash, 14,800 tons for caustic soda, 72,800 tons for ammonium 
sulphate, 270,400 tons for superphesphate, 5900 tpns for nitric 
acid, 5300 tons for sodium sulphide, and , 120,400 tons for 
petroleum' refining, dyestuffs, and celluloid. Values and 
cpiantitics of the exports during the period 1,914-1919 are 


given below;— 

IsuiiK Tuns. 

£ 

1914 . 

• • 2,015*9 

' 4,455 

1915 . 

• 7,^4 

51,698 

1916 . 

14,886-3 

.156.315 

1917 . 

4,136-4 

51,866 

1918 . ’. 

3,489-3 

42,170 

1919 . •' . 

■ 3,' 53-3 

44,908 


In 1919 China took 33-5 per cent of the exports of sulphuric 
acid; Dutch Ea/t .Indie's, 25 9 per ccift; Straits Settlements, 
16-5 per cent. ;■ Hong Kong,,11-9 per cent; Philippinqp, 5-9 per 
cent; Manchuria, 33-5 per co.it; Sjperia,,09 per cent.; 
and Siam, 0-3 per cent. At present the demand is veiy 
limited, and output has to be, reduced; China, which tocjk' 
over 4T64 "hions in 1920, is the only, market remaining 
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unchanged. The ’price of the add varies from i ? to 6 set\ 
■p^ lb. oflacid Of io6 *to i68° Tw., j>r .slightly ihore than 
double theXgre-^ar price *(.scn = o^45d. at* par, now about 
o.3iid.). * • . ^ 

, . The cnief deposits of^.‘y.il{)hur in Jtpan occur oi^ the ^land, 
of I^okkaido, those 8n the I.sjan*i» of Honcjp and Kyijshyn 
being les^j extensive. The output ^f sulphur diminishfd con¬ 
siderably in 1918; the total production ftr that year was 
64,711 tons, valued at 2,5,y,425 yen, rcpccscnting a decrease of 
■45-2 per cent, in weight, and /jfi p per cent in value, compared 
with 191^.^ 

'Recording to Cheni. and Met. Eng., 1920, p. 1162, the 
following table gives some idea of the sulphuric acid industry* 
in Japan:— 


Year. 

I’roiliiothjn ill Ibn. 

Vnii. 

1 

218,460,500 

• 


2,118,960 

I'JI 3 

4 i 3 ,()i 3 ,ioo 

3,328,950 

1914 

472,905,000 

3,004,220 

1915 

492,026,600 

4,702,660 

1916 ' 

' 78 J, 42 S, 5 » 

10,844,860 

I 9»7 

1 r 4 t, 039 ,lf )0 

8,916,830 

1918 • 

1,269,200,000 

14,250,000 

1919 

1,300,000,000 (cstinialcdj 



• • 


Fuming sulphuric .acid is m;mufacture<l in jaj)an by. th& 
Tentclew process at the Tokyo Sulphuric .Acid Co., and at the 
Government Arsenal. ^ • 

''Argentine—According* to Client. Zeit., 1913, p. 713, 
Argentine poss’esscs only one sulphuric .acid works, which 
produces 1500 tons per annum. The importation of sulphuric 
acid in 1911 was 1612 tons. * 

According to U.S. ^loni. Rep., end hftjvember and 2nd 
December 1920,“ tjire® (inns manufacture sul]jhuric acid 
(53 to 66” B = 116 to 168° Tw.), using .sulyhi^r from Italy (by 
prefereiifc), Chile, ai^l United^ Statc.s. ClK-mically pure 
siiiphuric* and hydrochloric, acids are* produced, but only 

comnrercial Aitfic acief ’ * 

• . 

' J. Soc. Chem. Ind. {Review), 1919, p. 329^ 

* y. Sqf.*Chem. Ind. {Review), 1921, p. 36. 
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Brazilt —According !o / 6V. Chem. Itfd. (Review), 1919, 
p. 444, th» imports of sulphuric acid irtto Brazil ki ftns were as 
follows■ 


Cetmany 

1918. 4 
Tons. 

<. t 47 o 

' 1916. 

Tons? 

lie%;uirp' 

• 31 


U.S.A. 

1 

I2i 

cFrance . ' . 

10 


United Kingdopi . 

. 121 

11 

Holland 

151 



Uruguay.—According to Board of Trade J., 3rd June 
.alawwjis pas.sed in 1918 authorising the Executive to borrow* 
100,000 pesos (peso = 4s. 2d.) for the establishment of a sulphuric ' 
acid factory at Monte Video. A site and building have been 
acquired, and the necesl;ary plant has bcei; installed, 
j Obile.—According to Chem. Ind., 1913, p. 403, (’hile pos.ses.ses 

one factory'-at Coquimbo in Guyacan, which in 1911 produced 
219^ tons H.JSO4. 


World’s Consumption and Productio!.!. 

The world’s consumption of sulphuric acid in 1910 is 
estimated by Caspari- in tons (strength not giveq, but 
presumably 100 per cent. HjSOJ. 



For BupiT* 

For othor 

Total. 


__ €L 

rurposcs. 

Great Briiain .... 

350,000 

650,000 

1,000,000 

1,380,000 

Germany. 

530,000 

850,000 

U.S.A. . . , . . 

1,120,000 

650,000 

480,000 

i,6oo,cxx) 

France. 

250,000 

900,000 

Italy. 

320,000 

80,000 

400,000 

Austria . . «. 

87 000 ’ 

213,000 

300,000 

Belgium. 

155,000 

. 01^.000 

250,000 

Russia . . . • 

35,000 

115,000 

150,000 

Japan . . ^ . 

i'. 


80,000 

« 

I) 

‘ ^ I 

6,060,000' 


‘ J. Soc. Oum. Ind. (Review), 1920, p. 258. 
* Chem. Trade J., 1914, p. 234. 









38$ 


STaY]|TKC^ 


Duisberd* estimates ^the world’s production for* 1910 at, 
5 million tJms* calculated ^ H2JO4. « * 

The woriks.fiyriteS production i» estimated in mcfric tons 
as follows,®;— * • , ' * 


Norway 

• • •* 

475 , 00 * 

Spain . 


3,ci8&,ooo 

• Portugal 


600,000- 

U.S.A. . 

t t 0 * * 

*350,000 

France. 


300,000 

Italy . 

' 0 ' 

250,000 

Germany 


220,000 

* Canada 


140,000 

Greece, 


120,000 

* Hungary 


100,000 


Total . 

5,555.000, 

• 




* Z. angcw. Chcm,^ I9r2, p. 6. * * 

® Mining fgth May 1920 1 J. Soc. Chem. Iml, (Review), 1920, p. 292. > 

• _ • 
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